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DITROIXJCTION 

The  00  Refaeroh  Institute,  d’jrinc  the  contract  year  1963,  worked 
on  three  general  nroblena  and  eight  apecifle  problena  under  the  above 
project,  T!io  general  or  continuing  probloBS  were  (A)  the  development 
of  a  petroleum  base  lubricant  for  iC-97  and  B-50  aircraft  turboauper- 
chargera  with  improved  viacoslty-volatllity  and  viacoaity-temperature 
characterlatica,  (B)  development  af  Imoroved  turboauperchargera 
atorago  oreaervativoa,  (C)  testing  of  synthetic  lubricant  (principally 
MIL-Ii-78'^8  currently  being  used  in  the  constant  speed  drive  system.) 

The  specific  oroblena  which  were  suacossfully  completed  and  on 
which  final  renorta  were  aubmitted  were  (A)  anitability  of  grade 
1100  aviation  oil  after  contcndnatien  with  aviation  gasoline,  (B)  deter¬ 
mination  of  a  suitable  lubricant  fer  use  in  ram  air  turbines,  (C)  deter¬ 
mination  of  a  aultible  lubricant  for  lead  screws  of  missile  attitude 
stands,  (D)  inspection  of  J79/FlJii  Tolofleoc  box  boaringa,  (E)  engineering 
etudy  of  ball  bonrlnga  VI-22ii2li8,  (F)  inspection  of  bearings  from 
air  turbine  a8eemb]y’  P/N  202280  and  202290,  (G)  investigation  of  pour 
point  of  refrigerator  ccsmprestor  o*ls,  (H)  prevention  of  freoeing  in 
an  evaporative  heat  exchanger  by  using  constant  boiling  mixtures, 

(l)  determination  of  a  suitable  high  temperature  lubricant  for  awivwl 
joints  in  the  hot  air  bleed  line  of  KC-97  superchargers , 

The  nrogreaa  made  in  each  of  these  areas  la  suj.iniarlBed  in  the  main 
body  of  the  report  and  a  complete  dleeusalcn  is  Included  in  a  suitable 
appendix,  either  aa  n  final  repnrt  or  aa  a  year  end  aunsary  of  the 
progress  to  date, 
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STATOS  REPORT  ON  OENHIAL  PROBLEMS 


A.  The  development  of  a  petrolouin  base  lubricant  for  KC-97  and  D-50  air* 
craft  turboeuDerchargera  with  lutproved  viaeoalty-vclatillty  and  vlacoalty- 
temnerature  characterlatles. 

Thia  nroblm  wae  a  continuation  of  a  apecifle  problem  worked  on 
during  FI  1962  and  aroae  from  the  fact  that  Qrade  1065  aircraft  engine 
oil  was  reoulred  to  furnish  aatlafactory  lubrication  to  the  anti-friction 
bearings  and  nunp  drive  gears  at  the  operatlt^  temperature  of  300  F, 

The  use  of  lower  viscosity  oils  tends  to  decrease  the  life  of  the 
turbosupercharger  bearings  markedly.  However,  this  heavy  Grade  1065 
oil  will  not  permit  the  turbosupercharger  to  start  without  external 
heating  at  subzero  ternneratures.  Therefore  a  lighter  Qrade  1010  oil  is 
required  for  cold  starting  with  a  consequent  loss  in  bearing  life  of 
these  units  during  winter  months.  It  was  therefore  decided  to  develop 
a  petroleisn  base  lubricating  oil  which  would  have  shear  stability  enough 
to  maintain  its  viscosity  during  service  and  a  viscosity  index  suffici¬ 
ently  high  to  enable  it  to  natch  the  viscosity  of  1065  at  the  300  F 
operating  temnerature  while  still  approaching  the  viscosity  of  Grade  1010 
material  at  0  to  -10  F. 

An  additional  nroblon  in  this  area  is  with  the  IIIL-5606  hydraulic 
fluid  used  in  30OO  nsi  hydraulic  systems  which  shows  excessive  shear 
breakdown  reducing  the  base  oil  viacoaity  by  30  to  hO  per  cent  and 
allowing  exceaslve  wear  of  hydraulic  pumps  and  valves.  A  hydraulic  fluid 
of  the  equivalent  viscosity- temperature  characteristids  but  not  subject 
to  shear  breakdown  is  expected  from  this  program, 

vndle  conventional  refining  procedures  will  not  produce  petroleum 
base  lubricants  of  these  charadteristics,  the  Standard  Oil  Company  (Ohio) 
has  a  pilot  nlant  utilizing  a  process  known  as  thermal  diffusion  which 


f 

has  produced  excerlnental  lubricants  from  paraffinic  base  stocies  faich 
I  are  of  II4O  viscosity  index.  A  contract  was  entered  into  with  Standard 

Oil  (Ohio)  Research  Department  to  renovate  their  test  column  and  operate 
'  it  so  as  to  produce  moderate  ouanlties  of  test  lubricants  of  various 

I  viscosity  and  volatility  characteristics  utilizing  base  stocks  and 

sfoducing  finished  viscosities  as  e’^ecified  by  our  needs.  (See  Appendix  I 

i  . 

j  for  listing  of  oils  orocured.)  Meanwhile,  another  lubricant  supplier 

furnished  a  material  of  Grade  1010  viscosity  but  included  an  EP 
^  ingredient  of  high  thermal  stability.  Dench  evaluation  of  this  material 

j  indicated  t'^at  it  showed  no  imnrovemont  over  base  petroleum  oils  in 

I 

increasing  the  load  ear-ring  ability  of  bojring  races.  Therefore,  this 
I  lubricant  was  not  reconmendod  f^r  service  evaluation. 

Using  the  thermal  diffusion  oils  furnished  by  Sohio,  a  mixture  was 
compounded  which  meets  the  Grade  1065  aircraft  engine  oil  specification 
at  300  F  end  has  a  10,000  centistoke  rating  at  -30  F,  This  compounded 
oil  was  then  tested  for  shear  stability  at  5,000  psi  for  100  hours.  No 
significant  breakdown  in  the  viscosity  was  noted  at  the  end  of  this 
period.  This  oil  then  will  bo  recommended  for  further  cold  weather  testing. 
Details  regarding  this  development  are  included  in  Appendix  I, 

As  a  related  nart  of  this  general  nroblem  a  hydraulic  fluid  not 

i 

subject  to  shear  breakdown  was  exnected  to  bo  developed  as  mentioned 
i  previously,  'Hie  nroblem  ■'n  this  area  arose  during  the  current  year  as 

a  result  of  relatively  short  life  being  exnerienced  by  Vickers  rotary 

I 

f  cam  operated  r>i.gton  type  h-'.'draulic  pumps.  Several  retxjrts  furnished  by 

Dr;  Cushmmof  OURI  nointed  out  deficiencies  in  the  bearing  design  on  the 
main  shaft  of  this  nump.  In  discussion  with  the  manufacturer,  Vickers 
admitted  that  the  oumn  was  critical  with  regard  to  these  bearings  and 
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stated  that  bearing  distress  would  be  exnected  if  the  viscosity  of  the 
hydraulic  oil  vas  less  then  thot  soecified  by  tbe  MIL-5606  specification, 
i.  e.,  10  centietokes  et  130  F,  Since  MIL-5606  is  admittedly  not  a  shear 
stable  lubricant,  some  field  samnles  of  lubricating  oil  were  obtained 
from  operating  aircraft  and  showed  materially  reduced  viscosity,  ranging 
from  6.8  to  8  centistokea. 

It  was  therefore  arranged  to  utilize  a  hydraulic  ground  cart  at 
OCyJiA  and  have  the  engineering  test  section  run  a  sample  of  new  Mil  25606 
lubricant  for  a  period  of  time  in  order  to  determine  the  equivalent  shear 
breakdown  in  service.  The  hydraulic  circuit  for  this  experlmert  consisted 
of  a  3,000  psi  pumt),  a  relief  valve  which  dissipated  the  3,000  pound 
pressure  to  atmospheric,  a  heat  exchanger  to  absorb  the  energy  input 
and  maintain  the  oil  at  130  F  with  return  t''  the  suction  of  the  hydraulic 
numo.  Utilising  this  tost  circuit,  now  MIL-5606  oil,  having  a  viscosity 
of  10.3  centistokes,  showed  a  decrease  to  7  centietokes  in  36  operating 
hours. 

To  determine  whether  this  was  an  inherent  characteristic  of  the 
lubricating  oil  '^r  was  due  to  the  viscosity  index  improving  polymeric 
thickener,  straight  mineral  lubricating  oil  was  obtained  from  Mid-Continent 
stocks  possessing  a  viscosity  index  of  ?7.  Although  this  material  possessed 
too  high  a  viscosity  at  sub-zero  temperatures  for  use  in  aircraft  service, 
the  lubricant  was  matched  in  viscosity  at  the  operating  point,  being 
10  centistokes  at  130  F,  The  circulation  of  this  test  oil  for  36  hours 
produced  a  nominal  viscosity  decrease  to  about  9.5  centistokes.  It  is 
believed  that  most  of  this  viscosity  decrease  was  due  to  polymeric 
material  left  in  the  test  stand  from  previous  runs,  since  it  is  impossible 
to  completely  clean  one  of  these  stands  before  switching  to  a  new  test 
material. 
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Thtrefort,  it  mi  concluded  that  the  diffioult7  ***  to  the  uee 
of  the  polTMrlo  VI  improver  neeeseary  to  obtain  vieooaltj  tenperature 
oharaoteriatlee  required  by  the  MIL-^06  epeelfloatlon  while  using 
nomally  refined  base  stook8«  It  la  therefore  eonaldered  deairable  to 
obtain  an  oil  having  a  high  natural  viaooeity  index  and  it  ia  expected 
that  some  of  the  atocka  to  be  obtained  froai  Sohio  under  the  developawnt 
nrogram  mentioned  under  Specific  Problem  3  will  be  materials  which  have 
viscosities  in  the  eeme  range  as  present  hydraulic  oils. 

Meanwhile  a  smaller  shear  breakdown  aoparatus  was  developed  by  the 
Engineering  Test  Laboratories  OCAM/V  so  that  additional  materials  could 
be  evaluated*  A  test  rig  wna  also  laiilt  by  the  (XJRI  Lubrication 
Laboratory.  The  OURI  test  rig  consists  of  a  hydraulic  pump  with  built 
in  heat  exchanger  suitable  for  circulating  oils  through  a  restrictor 
valve  at  nrossures  up  to  10,000  psi  and  at  controlled  temperatures* 

This  pressure  is  substantially  above  that  currently  used  in  USAF  aircraft 
so  that  it  should  be  able  to  evalunto  materials  under  more  severe  condi¬ 
tions  than  imposed  by  current  or  prospective  aircraft  requirements* 

To  date  several  tests  have  boon  accomplished  utilising  the  test 
rig,  both  in  calibrating  its  oerformance  versus  MIL-5606  type  material, 
and  in  evaluating  the  Improvement  to  be  expected  from  thermally  diffused 
natural  hl^  VI  products* 

Detailed  results  are  included  as  Appendix  II  of  this  report*  In 
sunmary,  these  arei 

1.  The  OURI  test  stand  duplicates  the  breakdown  history  of  the 
OCAMA  field-stand  when  the  results  are  compared  on  a  basia  of  equal 
energy  added  ner  nound  of  S3^tein  fluid* 


I 

I 

1  2«  The  rate  of  breaki<oim  is  controlled  not  only  by  the  total  amount 

,  of  energy  absorbed  by  the  oil,  but  also  by  the  rate  of  energy  absorption. 

Thus,  the  smaller  oil  system  stornge  canacitirs  and  higher  system  pres- 
j  surra  are  s+ill  further  e'lproaching  into  HIL-5606'o  already  marginal 

capability, 

) 

I  3.  Under  test  conditions  of  equal  severity,  thermally  diffused 

I  oils  showed  negligible  shear  broakdoim.  When  blended  to  eoual  viscosity 

at  maximum  system  operating  temperatures  of  300  F,  the  untreated  oils 
I  showed  slightly  inferior  low  temperature  properties'.  Means  of  alleviating 

ioso  characteristics  are  discussed  in  Appendix  IT. 

)  B.  Development  of  Improved  turbosupercharger  storage  preservatives, 

j  This  project  la  a  continuation  of  work  done  during  the  FY  1962  con- 

'  tract  whore  it  was  found  that  corrosion  of  the  anti-friction  bearings 

was  occurring  during  long  time  storage  of  turbosuperchargors.  This 
corrosion  was  ncidlc  corrosion  rather  than  rusting  and  the  damage  was 
i  attributed  by  the  OURI  group  to  acidic  corrosion  from  oxidation  of  the 

I  rust  preventive  lubricant  comounds.  Although  this  was  originally 

I 

doubted  by  other  investifotors,  it  was  found  to  be  the  correct  conslusion 
I  by  the  end  of  the  1962  project,  A  su^prstion  was  made  by  the  supplier 

of  the  corrosion  protective  compound  that  the  addition  of  an  anti-oxidant 

( 

!  additive  known  as  Parabar  Ijlil  obtained  from  the  Ihnjay  Division  of  Hvtnble 

^  Oil  end  Roflning  Company,  would  prevent  'the  oxidation  and  eliminate  or 

minimize  the  resulting  corrosion.  The  addition  of  0.2^  of  this  material 

i  was  therefore  recommended  to  the  turbine  overhaul  contractors,  General 

I 

KLoctric  Conpany,  Ontario,  California, 

I  Base  stock  lubricating  oil  and  rust  preventive  compound  used  in  the 

ma'terlal  furnished  QE  were  obtalnod  by  OURI,  and  a  series  of  sample  oils 
were  prepared.  Those  included  untreated  lubricant  base,  pure  corrosion 
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preventive  oonnound,  untreated  corrosion  preventive  blend  end  corrosion 
preventive  blend  utilisi  ng  various  porcontsges  of  the  sntl-oaddsnt 
Mterlsl,  In  addition,  an  oxidation  resistant  corrosion  preventive 
compound,  MIL-L>21260,  was  obtained  for  comparison  purposes.  Samples 
of  eaoh  of  these  lubricants  were  used  to  coat  a  full>seale  turbine 
bearing  such  as  those  need  in  the  turbosunerchargers.  These  bearings 
wore  units  which  had  been  rejected  for  meobsnical  defects  by  the  Bearing 
Inspection  Company,  but  which  were  not  corroded,  /if ter  being  coated 
with  the  various  lubricating  materials,  the  bearings  were  half  ianersed 
in  the  teat  lubricant  and  wore  then  stored  in  an  atmospheric  pressure 
oven  at  160  F.  After  thirty  days  of  this  test,  the  following  observa¬ 
tions  wore  made: 

Tho  oocidaticn  sensitive  material  is  the  corrosion  preventive 
compound  rather  than  tho  base  oil.  Little  change  in  lubricant 
characteristics  and  no  corrosion  are  observed  in  the  base  lubricating 
oil  even  though  no  antl-oxldant  has  been  used.  Heavy  deposits 
including  corrosion  nits  have  been  observed  in  both  tho  pure 
corrosion  t)revontivo  material  and  in  the  75/25  blend.  The  use  of 
Parabar  ItUl  ns  of  thirty  accolorated  test  service  minimized  oxida¬ 
tion  and  denosite  and  ossentlolly  eliminated  the  corrosion  pits 
shown  in  the  untreated  specimen. 

After  fifty-eight  days  of  this  test  the  following  observations  were  made: 
1,  Previous  conclusions  wore  confirmed  in  that  the  rust  inhibiting 
compound  is  tho  oxidation  aenaitlvo  material  which  furnlahoa  acidic 
corrosion  in  the  blend.  Although  material  oxidation  was  observed 
In  the  base  lubrlcstlng  oil  without  anti-oxldsnt,  no  corrosive 
substencos  were  formed. 
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2,  Heavy  oorroaion  and  marked  lubricant  deterioration  uere  found 
both  in  bearings  treated  with  the  pure  corrosion  weventive  and  in 
bearings  troatod  with  the  75/2$  blond  of  oil  and  corrosion  preventive, 

3,  The  75/2$  blend  treated  with  various  quantities  of  Parabar  bJ4l 
showed  materially  reduced  oxidation  rates.  In  neither  ease  was 
any  acidic  oorroaion  observed  on  the  bearings, 

li.  An  oxidation  Inhibited  oorroaion  preventive  oil  available  under 
Military  Snocifioation,  MIL-21260,  also  prevented  acidic  oorroaion 
of  the  narts  and  orosumably  would  also  bo  suitable  as  a  rust 
orovcntlvo  conoound.  It  is  not  known  whether  this  material  would 
bo  suitable  for  use  in  aircraft  reciprocating  engines  as  well  as 
in  turboaunorchargere, 

A  teat,  utilizing  521'X)  steel  counons  in  place  of  the  full-scale 
bearings  and  with  still  lower  amounts  of  Parabar  Uil,  to  determine  the 
minimum  treatment  level  at  which  protection  is  obtained  was  also  made. 

As  a  result  of  these  preliminary  testa,  Parabar  Uil  was  rocommonded  as 
an  anti-oxidant  for  use  in  orevonting  storage  acidic  corrosion  in  the 
use  of  Hni-6529C  prosoi*vatlve  oils.  Simultaneously,  a  modified  bench 
tost  was  commenced  to  determine  whether  anti-oxidants  more  effective 
than  Parabar  Ultl  were  available.  Details  of  testing  procedure  and 
complete  results  are  shown  as  Appendix  III.  They  may  be  summarized  as 
stating  that  the  use  of  either  Ethyl  Corporation  Anti-oxidant  702  at 
0,2%  concentration  or  the  use  of  El  duPont  Ortholeum  30U  at  0,2Jt 
concentration  nlus  the  use  of  O.ljC  duPont  Metal  Suppressor,  will  give 
protection  for  aonroximatoly  double  the  life  of  that  shown  by  Parabar  ItUl. 
The  use  of  Ethyl  702  seems  indicated  since  it  >^88  already  been  extensively 
field  tested  by  AF  for  use  as  an  enti-oocidant  in  MIL-7808  lubricants, 

.R. 


TMt  •uperohargora  with  tho  Parabar  Itiil  anti««Dcldant  vara  atorad 
at  Ontario,  California,  for  field  toatlng.  Thaae  unlta  vara  to  be 
inaoactad  aftar  four  to  six  months  and  ovory  two  montha  tharaaftar 
until  such  tine  aa  oorroaion  nits  and  ooddlaad  oil  dapoalta  are  observed 
to  ooour4  An  Inspaotion  aftar  flvo  months  tlM  revealed  no  evidence 
of  acidic  corrosion.  Neither  from  aprearanoe  nor  odor  did  the  lubricating 
oil  give  any  evidence  of  oxidation  having  occurred.  It  was  concluded 
that  the  current  treatment  lovol  of  0.2  %  Parabar  Ulil  could  be  considered 
aa  suitable  for  a  minimum  of  flvo  month*  storage  at  bases  in  the  Los 
Angelos  area.  The  next  tlmo  interval  for  examination  of  a  field  stored 
unit  will  be  after  termlnetion  of  this  contrect. 

C,  Teeting  of  eynthetic  lubricent  (principelly  MIL-L-7fl08  currently 
being  used  in  the  conetant  aoeed  drive  eyetem. 

The  work  on  this  genorel  problem  wee  concentretod  on  (1)  determining 
the  deelrability  of  single  source  procurement  for  M1L~L»7808B  lubricant 
for  use  in  CSO  units  and  (2)  tho  testing  of  candidate  lubricants  on  the 
OORI  wear  tester.  Each  of  these  will  be  discussed  below, 

A  sin^e  source  procurement  was  originally  suggested  by  SAC  and  was 
discussed  at  length  by  representetlvoe  from  ASD,  OCAHA  and  the  OU  Reaaaroh 
Institute  at  two  meetlnge  held  at  Wright-Patterson  Air  Force  Base.  The 
ooncluelon  arrived  at  by  the  two  conferences  were  aa  follows: 

1.  There  is  no  indication  fren  field  aervloe  that  any  lubricant 
ciurently  on  the  NIL~L-7806B  eporoved  list  is  better  than  any 
other  lubricant  for  use  in  constant  speed  drives. 

2.  It  is  impossible  at  the  present  time  to  interpret  differences 
in  physlosl  properties  whovn  in  the  inspection  teats  in  terms  of 
varlble  performance  in  the  constant  speed  drives. 


3.  T))b  variation  batwoan  two  batehaa  of  MIL-L-7806E  oil  fron  a 
alngla  manufacturer  le  at  leant  aa  great  aa  the  variation  batmaen 
oroducta  obtained  from  different  manufacturera. 

It.  Field  esoeriencaa  from  the  Sundatrand  Cenpany'a  teat  atand  haa 
been  developed  uaing  chiefly  a  aingle  aouroe  of  aupply}  therefore, 
theae  total  teat  hdura  do  not  lend  thamaelvea  to  interpretation  aa 
regarda  to  the  effect  of  lubricating  oil  quality* 

5*  Therefore,  it  ia  ia^oaaible  at  the  preaent  time  to  recoantend 
a  aingle  aource  procuraaient  of  MIL>L-7808E  on  the  baaia  of  physical 
teata. 

6«  It  waa,  therefore,  recomtended  that  the  teat  program  be  dealgned 
to  evaluate  the  effect  of  changing  physical  apecificatlona  on 
performance  in  oonatant  speed  drive  units.  This  teat  program 
would  require  correlation  of  various  physical  teat  roaulta  on  a 
variety  of  proposed  candidate  lubricants  and  their  actual  test 
results  in  CSD  unite  in  order  to  determine  a  unit  ratixig  on  the 
lubricant  for  comoariaon  with  a  rating  determined  from  physical 
inspection  data.  It  was  reconaoended  that  this  drive  testing  be 
done  at  ASD. 

7.  In  view  of  the  narrow  range  of  variability  set  by  the  MIL«Ii^7808E 
specification,  it  was  recommended  that  the  attenqit  to  procure  a 
satiafaotory  CSD  lubricant  not  be  restricted  to  require  conformity 
with  the  MIL~7808E  apecification. 

The  OU  Resaabch  Institute  concurs  with  the  recoanendatlons  made  at 
the  meeting*  Aa  a  result  of  this,  ASD  has  circulated  to  various  engineering 
groups  a  questionnaire  on  quality  of  MIL-L-7608E  lubricants*  The  OURI 
ccoments  on  this  ouestionnaire  are  included  aa  Appendix  IV. 

,10. 


ProgroBS  In  testing  of  candldete  lubricants  on'  the  OURI  wear 
tester  has  prooeodad  along  two  avenues.  Initially,  testing  vas  suspended 
in  order  to  investigate  bettor  means  of  determining  the  useful  life 
of  the  teat  pieces  on  a  basis  other  than  friction  and  noise  levels* 

Since  torcue  meter  readings  did  not  prove  sensitive  enough,  an  attempt 
was  made  to  utilize  vibration  measurements.  Due  to  the  fact  that  tho 
tost  rig  is  ooeratod  at  300  F,  it  has  so  far  proven  Impossible  to  find 
a  vibration  nlckun  which  will  glx'e  an  adequate  electronic  output 
continuously  at  tonneraturcs  of  300  F  and  above.  Because  of  the 
difficulties  with  the  toroue  meter  readings  and  vibration  piclcup  readings, 
the  testing  was  continued  basing  useful  life  on  noise  and  friction  energy 
measurements.  Information  collected  regarding  these  candidate  lubricants 
led  to  the  conclusion  that  tho  test  macUne  did  have  value  in  predicting 
the  load  carrying  ability  of  the  lubricant.  It  was  noted  that  the  same 
lubricant  tested  under  tho  samo  conditions  repeated  its  results  with 
reasonable  accuracy  considering  tho  many  variables  that  are  involved. 

It  is  emphasized  that  this  test  machine  should  be  used  only  to  differ¬ 
entiate  the  load  carrying  abilities  of  lubricants  undergoing  the  same 
standard  test  under  identical  conditions.  This  is  a  valuable  test  in 
that  it  Is  economical  to  operate  and  It  gives  conclusive  results  of  the 
wear  properties  of  the  lubricants  being  tested. 

In  the  initial  testing  with  the  Ethyl  Corporation  additive  AWA  29, 
an  increase  was  found  in  the  antiwear  properties  of  bearings  tested  on 
the  OURI  toabor.  Subseouont  test  with  different  MIL-L-7808  oils  and 
the  AWA  29  sdditivo  gave  antiwear  properties  which  were  woree  than  the 
lubricant  without  any  additive.  It  was  therefore  decided  to  discontinue 
testing  with  the  AWA  29  additive. 
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Of  the  candidate  lubricants  evaluated  on  the  OORI  wear  teeter,  the 
Socony  Mobil  XRM-139A  t}rpo  II  oil  proved  to  be  of  superior  ouallty  in 
load  caxTying  ability.  Its  rating  on  the  tester  was  very  significantly 
higher  than  the  standard  MIL-7806  oil.  On  this  basis,  the  Socony 
Mobil  tsrpe  II  oil  was  placed  in  the  CSD  test  stand  at  Tinker  and  a 
special  drive  evaluated  using  this  lubricant.  This  special  drive  had 
had  the  bearing  recos  coated  with  Molybdenum  Disulfide  and  was  run  in 
conjunction  with  type  n  oil.  Tho  test  drive  ran  approximately  3li  hours 
at  loads  up  to  8l  kilowatts  at  which  time  it  was  disassembled  and  inspected. 
The  bearings  which  were  coated  with  the  Molybdenum  Disulfide  showed  very 
little  scuffing.  The  drive  Wi  a  subsoouently  reassembled  and  run  for 
approximately  sljc  more  hours  at  loads  of  130  KW  at  which  time  the  drive 
failed  due  to  mechanical  defonnation  in  tho  drive  due  to  the  overload. 

On  the  basis  of  this  test,  it  was  recommended  that  the  Socony  Mobil 
type  II  oil  be  used  in  the  CSD  tost  stands  because  of  its  superior 
performance  as  a  lubricant. 

In  addition  to  the  testing  of  lubricants,  an  analysis  was  made  by 
Dr.  Cushman  of  OURI  on  the  design  and  finishing  of  the  several  raceways 
and  pistons.  Specifically,  three  quality  and  design  deficiencies  were 
found  which  will  ndnimiee  raceway  life:  (1)  Inadoouate  bearing  contact 
surface,  (2)  poor  raceway  finish  and  polishing  pits,  and  (3)  the  black 
oxide  coating  intended  to  prevent  scuffing  on  the  run-in  but  which 
constitutes  a  dirt  contamination  of  the  lubricant.  The  complete  report 
is  Included  as  Appendix  IV, 


SPECinC  PTOBLBe 


In  addition  to  the  nrovioua  problems  which  represent  continuing 
areas  of  responsibility  to  the  Air  Force,  the  OURI  group  worked  on 
several  specific  problems  which  were  successfully  concluded  during  the 
fiscal  year  and  on  which  final  reports  made  to  the  Air  Force  are  Included 
as  apoendloes  to  this  final  report  on  the  project.  Sunnarles  of  these 
are  given  below: 

A.  Investigation  of  the  suitability  of  Orade  1100  aviation  oil  after 
contamination  with  aviation  gasoline. 

This  specific  problem  arose  from  the  deeiro  of  the  Strategic  Air 
Coimand  to  extend  the  life  of  reciprocating  aircraft  lubricating  oil. 

It  is  the  policy  of  SAC  in  winter  to  dilute  the  oil  in  the  lubricating 
system  with  approximately  \2%  of  aviation  gasollno.  These  engines  are 
then  ground  run  after  beinr  started  for  a  sufficient  length  of  time  to 
evaporate  the  gasoline.  Tech  orders  renuire  that  at  least  every  third 
such  engine  start  should  bo  accompanied  by  flight  to  c^eratlng  altitude 
30,000  feet  so  08  to  fully  worm  the  engine  and  evaporate  the  gasoline. 

At  the  present  time  the  orders  require  discording  the  lubricant  after 
three  such  flights.  It  was  reouosted  that  we  determine  If  the  remaining 
traces  of  gaaoline  dilution  were  causing  deleterious  effects  or  whether 
possibly  four  such  operations  could  be  considered. 

A  laboratory  bench  test  was  sot  up  for  a  sanple  of  new  Orade  1100 
aviation  oil  diluted  with  12%  gasoline.  The  results  show  that  none  of 
the  changes  In  tho  physical  specifications  are  considered  to  be  harmful 
to  the  function  of  the  lubricating  oil  and  the  conparlson  of  results 
between  one  cycle  and  tho  three  cycles  indicates  that  continued 
deterioration  is  not  to  be  feared.  On  the  basis  of  these  results. 
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a  fourth  oT>orwtion«l  cycle  was  rocoinmond©<’.  The  comnlete  rctx>rt 
liKludlng  the  recommerw’eti'-'^?  are  Included  as  Appendix  V, 

B,  Detemdjwtion  of  the  oro-ior  lubricant  for  uae  in  ram  air  turbines* 

This  problem  arose  as  a  result  of  sticking  of  the  pitch  control 
mechanism  in  blades  of  ram  air  turbines.  This  pitch  control  is 
maintained  by  a  set  of  interlocking  gears  hold  in  place  by  ball  bearings 
The  bearings  stuck  from  rust  corrosion  duo  to  condensation  and  ambient 
moisture.  A  review  of  the  operating  conditions  and  the  requirements 
which  the  lubricant  should  meet  was  made*  As  a  result  a  military 
aiTOroved  lubricant,  MIL-0-1092ljB,  automotive  and  artillary  grease,  was 
reconnondod  as  a  satisfactory  lubricant  for  tho  nurposo.  The  final  report 
on  this  specific  problem  is  included  as  Appendix  VI, 

C,  Dctorminatlon  of  a  suitable  lubricant  for  load  screws  of  missile 
attitude  stands. 

This  problem  arose  wh-.n  the  Forth  American  Aviation  Company  specified 
a  proprietary  lubricant  for  lubrication  of  load  screws  which  control  the 
attitude  of  the  missile  chj.ck  out  stand  built  by  them  and  which  had 
shown  excessive  wear  when  lubricated  with  conventional  lubricants. 

Their  recommendation  was  that  a  material  referred  to  as  Torko  Grade 
S1\E  50  motor  oil,  supplemontod  with  an  additive  known  as  Torko  Red-top 
or  Torko  Blue-top  additive.  Procurement  of  these  materials  represents 
a  supply  problem  in  many  parts  of  tho  United  States. 

Samples  of  Torko  motor  oil  wore  obtained  and  analyzed  for  physical 
and  chemical  properties.  From  tho  results  of  tho  tost,  two  Military 
Specification  lubricants  wore  recommended,  Tho  same  or  improved 
cheractorlstlcs  should  be  obtained  by  tho  use  of  Military  Specification 
lubricant  MIL-L-18L86  or  by  the  Federal  Specification  W-L-768,  With 


thia  reoonmndatlon,  the  Initial  project  on  this  apeolflc  problem  was 
oloeed. 


The  same  proMom  waa  rooponed  at  a  Inter  date  to  ha^e  OURI  furnish 
consulting  aorvices  for  the  testing  of  the  roeommendod  alternate  lubri¬ 
cants.  At  the  end  of  the  project  year  the  testing  of  the  proposed  alter¬ 
nate  lubricants  had  not  been  conplotod. 

The  final  report  on  the  first  phase  of  this  specific  problem  is 
Included  ns  AisDondix  VII. 

D.  Investigation  of  the  sorviconbllity  of  the  J79AlOli  Toloflox  box 
bearings. 

This  problem  arose  when  it  became  necessary  to  determine  the 
serviceability  of  the  J79A’10h  T.-.loflcx  box  bearing.  IStcr  analysis  of 
the  bearing  assembly  the  recommendation  was  made  that  the  bearings  be 
machine  tested  on  the  Tinker  bearing  tost  machine  before  installation 
into  the  Teleflcx  box.  This  bearing  tost,  together  with  the  washer 
lubrication  wore  the  only  recommendations  made  in  changing  the  assembly 
of  this  unit.  The  conrolcto  engineering  report  is  included  as  Appendix  VIII. 

E.  Engineering  study  of  ball  bearings  PAI  VI-22lj2li8. 

This  problem  aroso  when  the  ball  bearings  P/h  VI-22U2l*8  used  in 
the  Vickors  hydraulic  motor  model  NR  EA  1010-ll*5-2A  developed  a  roughness 
after  a  feiw  hours  of  operation.  It  was  suspectod  that  this  is  one  of 
the  major  causes  of  the  motor  failures.  Assistance  was  reouostod  to  make 
a  full  analysis  of  the  subject  bearing  and  reconmond  corrective  action. 

Of  the  five  bearings  submitted  for  inspection,  four  wore  found  to  be 
defective  using  the  NcKnight  Analyzer  and  DuMont  103  oscilloscope  test 
machine,  Tho  problem  here  sooms  tobe  one  of  manufacturing  quality  which 
can  only  bo  cured  by  Quality  testing  at  the  factory.  The  complete 
Engineering  report  on  this  specific  problem  is  included  as  Appendix  IZ. 


F.  InsDoctlon  of  nev  bofirlnno  from  air  turbine  repair  kits  1660-$71> 

9158. 

Thia  nroblem  aroao  when  tho  Air  Accoaaoriea  Repair  section 
experienced  difficulty  in  paaainc  an  air  turbine  sasembly  P/R  202280 
and  202290  duo  to  excessive  vibration.  A  number  of  new  bearings  were 
routed  to  the  boarlnp  shop  for  inspection  and  were  found  to  bo  defective 
for  various  reasons.  It  was  requested  that  OURI  make  an  engineering 
analyaia  of  several  bearings  to  dotormine  if  they  net  manufacturing 
tolerances.  Of  tho  four  Vc»  Deperturo  JOL020  bearings  submitted, 
throe  wore  found  aatiafactory  and  one  was  rejected  as  being  marginal. 

The  connleto  ronort  on  thia  spnciftc  problem  is  included  as  Appendix  Z, 

G.  Investigation  of  pour  point  of  refrigeration  compressor  oils. 

This  problem  arose  from  tho  desire  to  util^  o  a  convetional  vapor 
ccxnprosslon  refrigeration  aystem  in  place  of  air  boat  exchanger  cooling 
for  electronic  gear  in  certain  special  airplanes.  In  view  of  the  fact 
that  the  refrigeration  would  not  bo  continuously  required,  it  was 
believed  that  an  operational  requirement  on  tho  refrigeration  compressor 
would  be  that  it  be  required  to  start  nt  an  ambient  temperature  of  kO 
to  U5  below  zero  F,  as  a  conseaucnco  of  having  boon  cold  soaked  at 
altitutde  for  2  to  5  hours  prior  to  being  called  on  to  furnish  a  cooling 
load. 

Since  the  eouipmont  was  to  bo  procured  from  Dunham-Bush  Company  of 
Hartford,  Connecticut,  inquiry  was  made  to  their  Engineering  Department 
regarding  tho  cold  soak  starting  charnctoriatics  of  their  compressor. 
They  informed  that  they  could  not  guarantee  tho  operation  of  their  unit 
below  -10  F  ambient  unless  proprietary  cempressor  oils  were  utiliaed. 
Those  included  Suniso  Oil  fron  Sun  Oil  Company,  and  Capella  A  Oil  frwn 
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Texaoo,  Ino.  With  those  oils  they  were  able  to  operate  at  *35  but 
were  not  certain  of  the  ability  to  start  at  any  lower  temperature  since 
they  had  never  utilised  the  unit  at  such  temoeraturea.  The  compresaors 
had  been  onerated  at  F,  but  this  was  done  by  cooling  the  ambient 
temnerature  with  the  unit  ooeratiiig,  and  with  the  use  of  Suniso  Oil. 

This  information  was  furnished  to  OCAMA.  At  this  point,  the  Cuban 
emergency  alert  occurred  end  the  project  was  suspended.  To  date,  no 
resumotion  of  the  oi eject  has  been  given  us.  It  is,  therefore,  believed 
that  the  special  problem  is  concluded  and  this  consitutes  a  final  report 
on  the  problem. 

H.  Prevention  of  freezing  in  an  evaporative  heat  exchanger  by  the  use 
of  constant  boiling  mixturee. 

This  problem  involved  a  heat  exchangvr  which  cooled  bleed  air  by 
boiling  of  water.  The  heat  exchanger  is  in  the  D~56  aircraft  and 
trouble  occurs  in  cold  weather  when  the  water  in  the  heat  exchanger 
freezes.  The  trouble  arises  when  UOO  F  bleed  air  from  the  engine  melts 
ice  next  to  the  heat  exchanger  tube  and  then  vaporizes  it  before  the 
main  body  of  ice  melts.  This  develops  sufficient  pressure  to  collapse 
the  heat  exchanger  tubes  and  destroy  the  exchanger. 

The  analysis  of  the  oroblem  led  to  the  reconmond^tion  that  a 
mixture  of  Cellosolve/water  end  Methyl  Cellosolve/woter  mixture  be 
evaluated  for  inflammability  hazards.  The  final  report  on  this  specific 
problem  is  Included  as  Apoendix  XI. 

I,  Determination  of  a  suitable  high  temperature  lubricant  for  the  swivel 
joint  in  the  hot  air  bleed  line  of  KC-97  supercharger. 

This  problem  arose  when  the  swivel  joint  in  the  hot  air  bleed  line 
to  the  ia:-97  supercharger  would  become  corroded  by  the  action  of  the  hot 
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exhauBt  gases  passing  through  tho  duct,  resulting  in  feezing  of  the 
Joint  and  subseouent  breakage  of  the  supercharger  housing.  It  was 
reouested  that  OURI  participate  in  the  solution  of  this  problem  by 
soecifylng  a  suitable  high  tenoerature  lubricant. 

By  the  very  raturo  of  tho  swivel  Joint,  and  the  fact  that  high 
tenmeratures  up  to  1700  F  are  involved,  a  coating  of  some  sort  which 
would  0000680  lubricating  nualities  seemed  to  bo  the  answer.  Investi¬ 
gations  by  (!ASA  have  shown  that  sene  inorganic  compounds  possess 
lubricating  properties  when  introduced  at  the  interface  between  sliding 
metal  surfaces.  In  testing  these  con^xjundo  at  temperature  to  2,OCO  F 
the  compounds  wore  considered  in  tho  range  for  effective  boundary 
lubrication  under  extreme  conditions  if  these  friction  coefficients 
were  below  0,2.  Coatings  which  have  shown  considerable  promise  are 
lead  monoxide  bonded  to  stainless  stoels  with  lead  silicate  (good  to 
1,250  F)  and  calcium  fluoride  coatings bonded  to  nickel  base  alloys  with 
a  cobalt  oxide,  barium  oxide,  or  boric  oxide  binder  (good  to  1,900  F), 

The  necessary  materials  for  mixing  and  applying  the  lead  monoxide 
base  coating  to  the  supercharger  swivel  Joint  were  procured  and  a  Joint 
was  coated.  The  end  of  the  fiscal  year  contract  period  occurred  before 
further  exeerimanting  and  testing  could  bo  made  with  this  coated 
swivel  Joint, 

The  search  for  the  hif  h  teroeerature  lubricant  revp'ilcd  that  in 
addition  to  the  NASA  develonmf»ntB,  there  were  two  commornirlly  available 
compounds  which  reportedly  would  be  sufficient  to  prevent  seizing.  One 
compound  is  made  by  tho  Toxacono  Company,  Dallas,  Texas,  and  is  qualified 
\inder  Pratt  and  Whitney  specifications,  /uiother  high  temperature  lubri¬ 
cant  is  sold  by  Felt  Products  Manufacturing  Company,  Skokie,  Illinois. 


Testing  of  these  can<^ldete  contDounds  could  not  be  accompllsed  In  this 
contract  jroar. 
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APPENOn  I 

The  Deyolotiincnt  of  a  Tur>*oauT>orchargor  Lubricant  froro  Thermally  Diffased 

tetocke 

As  mentioned  in  the  flret  oart  of  this  ronort,  enecial  refining 
methode  knoim  as  thermal  diffusion  make  it  possible  to  produce  pure 
oetroleum  stocks  of  higher  than  normally  obtainable  viscosity  index, 
with  the  volatility  and  shear  stability  of  the  base  materials. 

In  view  of  the  need  of  improvod  low  and  high  temporaturo  character¬ 
istics  in  turbosunorcharger  lubricants,  the  Sohio  research  laboratories 
wore  canmlssloned  to  produce  a  series  of  thermally  diffused  materials, 
the  resulting  tost  lubricants  being  listed  in  the  attached  table. 

As  can  bo  seen  from  the  attached  viscosity  temperature  curves. 

Grade  1010  material  has  excellent  viscosity  chai  octeristicji  at  -30  F, 
However,  its  viscosity  at  full  onornting  tomporature  is  of  the  order  of 
1  cs  (anuroxlraately  that  of  water),  thereby  being  ineffective  in 
preventing  oxcosslvo  bearing  wear. 

Meanwhile,  Grade  1065  material,  which  has  an  effective  viscosity 
of  L  cs  at  30''t  F,  is  much  too  viscous  at  low  tomperatxires ,  General 
opinion  of  Itibricaiion  rng^ncers  is  th/it  effective  boaring  lubri canton 
and  suitable  oil  oumning  characteristics  ceases  at  viscosities  above 
10,0^  cs  (about  50,000  SOS),  a  condition  which  is  attained  at  5  F, 

The  thermally  diffused  SEE  78  ruiterial  obtained  from  Sohio  is 
seen  to  be  essentially  identical  to  Grade  1065  at  high  temperatures,  but 
decreases  the  minimum  operating  point  to  -13  F, 

A  blend  of  a  l^OS?  mtxtiire  of  SEN-100  (a  lighter  grade  of  thermally 
diffused  material)  with  60^  of  SED-76  produced  a  material  which  still 
had  a  viscosity  of  3  cs  at  the  operating  temperature  of  300  F,  This  is 

*20* 


aatiafflotory  for  bearinp  lubrication  alnco  ASD  haa  aucceaafuUy  coeiplatad 
high  temperature  bearing  onoratlng  toats  uaing  thormaily  atable  lubrlcanta 
whoae  vlacoalty  at  the  toat  temperature  waa  between  2  and  2,5  oa.  The 
lour  limit  of  10,000  ca  la  -30  F,  with  borderline  operation  perhapa  aa 
low  as  -1|0  F. 

The  vlacoalty  index  of  thia  produot  la  approximately  129,  and  is 
obtained  purely  by  refining  and  blending.  Shear  stability  of  the  product 
la  excellent  as  is  shown  by  a  teat  conducted  on  the  OURI  shear  stability 
stand  at  5,00C  nsi  for  a  duration  of  50  hours.  This  test  involved  an 
energy  dissipation  to  the  oil  of  ap^'roxlmately  10,000,000  ft.  lb,  of 
work  ner  T>ound  of  oil  in  the  system,  and  resulted  in  a  decrease  in 
viscosity  of  0,5W.  This  slight  decroaso  is  less  than  can  be  plotted 
graphically  on  thia  V-T  curve,. 

Therefore,  it  is  recommended  that  a  sample  of  lubricating  oil  made 
to  these  specif Icaticms  be  tested  in  full  scale  eouitmient  either  in 
flight  or  in  an  environmental  hanpirto  determine  if  the  preliminary 
evaluation  is  eccoraollshod  in  actual  service,- 


PROPERTIES  OF  THTHM/X  DIFPTJSION  OILS 


Cltcon  90106 

Ton  fraction  from  thermal  diffusion  column 


Sohio  Number  2132-37C 

Vlx.  at  100  F  •  Sli.Ul  cs 
at  210  F  -  10, ho 


V.I.  "  113 

R.I.  -  l.h766  at  20  C 


Top  fraction  from  thermal  diffusion  column 

Sohio  number  2132-37D 

Vis.  at  100  F  -  76.72  cs 
at  210  F  «  10.25 

V.I.  -  120.5 

R.I.  -  I.li7h5  at  20  C 


5/22/63 


I 

I 

I 


u 
u  a 

3 


•  • 

if\  O 

+  + 


Pu 


Pb 

O 

I 


»A 

lA 

iA 

lA 

• 

• 

• 

• 

H 

NO 

»A 

iA 

<A 

lA 

00 

CA 

Q  NO 

NO 

• 

o 

On 

ON 

<A 

CM 

CM 

CM 

5 

00 

> 

r-4 

pH 

00 

O 

iA 

NO 

OO 

o  o 

4 

• 

• 

• 

• 

• 

• 

• 

a 

•  • 

• 

o 

ON 

o 

fv 

00 

OO 

o 

00 

00 

M  CM 

4A 

<A 

-o 

<A 

CA 

nO 

CA 

CA 

00 

>\ 

ON 

On 

lA 

NO 

NO 

ON 

CA 

IA 

AJ  • 

• 

* 

• 

• 

• 

• 

• 

• 

•  • 

•H  O 

NO 

CA 

NA 

00 

ON 

On 

CM  O 

r** 

«  fn 

(M 

O 

lA 

lA 

iA 

lA 

00 

o  ^ 

<n 

<A 

o 

(0 

o 

On 

CM 

•A 

nO 

00 

NO  ON 

CA 

>  • 

• 

* 

* 

« 

• 

• 

• 

• 

•  • 

• 

o 

o 

NO 

lA 

CA 

00 

lA 

ON  CM 

CM 

o 

o 

o 

NO 

nO 

OO 

OO 

OO 

f-4  1.^ 

O 

nO 

I 

[ 

I 


« 

4) 

^  PkI 

o 

^  C^5 

o  • 

CM 

00  ^ 

(O 

4J  O 

• 

* 

*  • 

M  >-s 

(0  *-4 

CA 

1  « 

1-1  CM 

H 

1  4i 

4J 

Ot 

;  0 

c 

M  u 

0)  Pm 

0^ 

1  *<-i 

O  • 

lA 

»A  O 

o 

1  4J 

O 

• 

• 

•  * 

0C 

1  (0 

>»CA 

CM 

O  lA 

Pu 

1  c 

u  ^ 

rv  o 

M 

ij 

1 

(0 

< 

O  Pm 

o 

fN» 

n.  lA 

u  u 

o  • 

NO 

tv 

y-i 

1  U 

C0  O 

• 

• 

*  • 

C/3 

1  (0 

O 

o 

CM 

»A  CA 

& 

!  ^ 

>  ^ 

CM 

CM 

nO  *0 

2 

t  « 

IX,  4) 

1 

as 

W  S 

u 

«  • 

s 

nA 

lA  O 

1  0 

M  O 

CA  CA 

e- 

1  J3 

•  CM 

rv 

ri 

00  00 

o 

1  (0 

OP 

<r 

AJ 

• 

• 

*  • 

z 

;  ^ 

<Q 

o 

1  o 

1 

CO  u 

e 

>  0 

C 

1  nm 

1 

H 

1  *0 

a 

1  V 

u 

« 

•J 

1  3 

1 

0 

X 

0 

> 

!  u 

1  ^ 

s 

I  w 

6- 

1 

u 

^  B 

u 

0 

AJ 

cn 

*0 

41 

Ph 

O 

o 

o 

o 

00 

A*  O 

1 

t 

z 

fQ  p 

9 

u 

P4  H 

Ed 

CO 

CO  o 

tA 

o 

O 

NO 

lA 

pi. 

OO 

pi 

lA 

00 

OO 

• 

CA 

CA 

o 

CA 

CA 

NO 

o 

ON 

00 

CA 

00 

OO 

• 

• 

• 

• 

• 

• 

• 

ON 

On 

NO 

O 

o 

CA 

A 

O 

CA 

ON 

ON 

lA 

o 

A 

A 

A 

o 

OO 

CA 

-a* 

-o 

nO 

» 

• 

• 

lA 

nO 

-0 

CM 

pi 

A 

o 

p-A 

ri 

OO 

CM 

CA 

CM 

CM 

A 

CM 

pi 

CM 

CA 

CM 

<a 

A 

pi 

sa* 

vO 

nO 

nO 

pi 

NO 

NO 

pi 

NO 

NO 

r>- 

00 

OO 

-Na- 

-a^ 

<a 

» 

p 

p 

p 

p 

Pi^ 

A 

o 

o 

O 

o 

A 

pH 

o 

p 

p 

O 

o 

A 

o 

o 

ON 

ON 

NO 

A 

A 

A 

A 

A 

-a^ 

NO 

n 

< 

< 

< 

S 

O 

to 

to 

to 

u 

A 

nO 

pi 

CM 

A 

pi 

A 

0 

CM 

CM 

A 

to 

f4 

^4 

CM 

3 

1 

1 

1 

1 

1 

4J 

1 

1 

1 

V 

CM 

CM 

CM 

CM 

CM 

u 

CM 

CM 

CM 

0 

A 

A 

A 

A 

A 

3 

A 

A 

A 

u 

fM 

pH 

fM 

*3 

f4 

rH 

fH 

£ 

CM 

CM 

CM 

CM 

CM 

0 

CM 

CM 

CM 

U 

V 

04 

to 

V 

"3 

B 

M 

*p4 

0 

l4 

0 

u 

•o 

•o 

tH 

u 

> 

V 

V 

>N 

0 

o 

u 

4J 

M 

n 

(0 

CD 

U 

e 

V 

4) 

< 

0 

0 

u 

U 

0 

>H 

H 

H 

+ 

•H 

to 

to 

3 

to 

CD 

QO 

3 

4A 

V 

4) 

CM  *0 

44 

44 

u 

U 

NO  4) 

44 

nH 

D  a 

*o 

•H 

Q 

Sm^ 

>s*0 

CD  < 

•»A 

C  Q 

Q 

w>4 

s 

o 

o 

o 

o 

00 

o 

o 

8 

9 

O 

o 

8 

00 

a 

pi 

W  o 

i 

f4 

f4 

pi 

u 

0) 

1 

H 

1 

z 

1 

Z 

1 

H 

1 

+ 

u 

4) 

1 

"k 

p!) 

fi 

p3 

M 

M 

P4 

H 

m 

CO 

CA 

Z 

Z 

H 

B 

M 

CA 

I 


RESEARCH  DEPARTMENT 
The  Standard  Oil  Company  (Ohio) 
May  6,  1963 


PHYSICAL  PROPERTIES 


2_132»l$B  —  Urea  Troatod.  Enjay  628  and  O.W  Acryloid  710  added. 

Via,  at  100  F  •  18. Ill  ca 
at  210  F  «  3.97 

V.I.  -  135 

Refractive  Index  at  20  C  •  l,li668 
Pour  Point  •  -35  F 

2132-li9B  —  1.0^  Enjay  628  and  O.li^  Acryloid  710  added. 

Vis.  at  100  F  -  lli.68  ca 
at  210  F  -  3.17 

V.I.  -  131 

Refractive  Index  at  20  C  -  1,1|682 
Four  Point  -  -30  F 

2132-50A  —  0,5$  Snjay  628  and  0,2$  Acryloid  710  added. 

Vis.  at  100  F  -  lli,li2  ca 
at  210  F  n  3.19 

V.I.  -  90 

Refractive  Index  at  20  C  -  1,L771 
Pour  Point  *•  Oil  still  fluid  nt  -65  F 

2092-71  —  Synthetic  Oil  —  Trana-didocyl  Andimerata  (didecyl-1, 2-cyclobutane 

carboxylate) 

Via.  at  100  F  •  12.?li  ca 
at  210  F  -  3.25 

V.I.  -  153 

Freezing  Point  -  -1|0  F 
Specific  Gravity  ■  0,929^® 

Boiling  Point  -  1|28  F  (Iran) 

Flash  Point  (Ponaky-Martins  closed  cup)  ■  1|05  F 


— 2li— 
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THF3ttl*\L  DIFFUSION  OILS  -  PHSSIC/J.  PROPERTIES 
(Produced  for  Oklahoma  Reaoerch  Institute) 


f 


Pennsylvania  Constant  Temnarature  Bath  Oil  No.  90  (Top  Fraction) 

Sample  Nunft)or  2132-52A 

Via.  at  100  F  -  12,33  cs 
at  210  F  -  3.05 

V.I.  -  119 

R.I.  at  20  C  -  l.li591 
Pour  Point  -  20  F 

Contains  0,S%  Enjay  628  and  0,2J6  Acryloid  710 

HVI-60  (Bottom  Fraction) 

Sample  Nianber  2132-17A 

Vis.  at  100  F  -  Uk,Sh  cs 
at  130  F  -  8.5 
at  210  F  -  3.19 

V.I.  ■  88.5 

R.I.  at  20  C  •  1.1772 

Pour  Point  ■  -65  F 

Contains  0,5^  Enjay  628  and  0,2;S  Acryloid  710 

SEN-100  (Ton  Fraction) 

Sample  Number  2132-17A 

Vie.  at  100  F  -  lii.09  cs 
at  210  F  -  3.73 

V.I.  -  122 

R.I.  at  20  C  -  1.1680 
PoTU-  Point  ■  10  F 

6/2V63 
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The  Standard  Oil  Company  (Ohio) 
June  18,  1963 


PHTiSICAL  PROPERTIES 

Nectlon  37  (Top  Fraction) 

Sanmle  No.  2132 

Vis.  at  100  F  -  9.035  CB 
at  210  F  -  2.U66 

V.I.  -  107.5 

R.I.  at  20  C  -  1.L621 

Pour  Point  ■  “ho  F 

Humble  Hydraulic  Oil  (Mail  Fraction) 

Samole  No,  2132-60D 

Via,  at  109  F  «  lit. 62  cs 
at  210  F  -  3.228 

V.I.  -  93.6 

R.I.  ■  20  C  -  l.li653 

Pour  Point  «  -30  F 

Humble  Hydraulic  Oil  (Top  Fraction) 

Sample  No.  2132-55A 

Vis.  at  100  F  •  8.72  cs 
at  210  F  -  2.58 

V.I,  -  11j3.5 

R.I.  at  20  C  -  1,U520 

Pour  Point  =  25  F 

H  niMe  Hydraulic  Oil  (Bottom  Fraction) 

Sample  No.  2132-56B 

Via.  at  100  F  "  26.56  cs 
at  210  F  -  U.201 

V.I.  -  10.5 

R.I.  at  20  C  -  l,U781i 

Poxur  Point  ■  still  flowinc  at  -55  F 


f 


I 


Runble  Ht]rdri)iilio  Oil  (Too  Fraction  ~  Feed  ratio  for  this  run  ona  part 

throu^  top  to  aixtaan  parta 
through  bottom) 

Sanole  No.  2132.6QA 

Via.  at  100  F  •  8.93ii  ca 
at  210  F  -  2.6ii9 

V.I.  -  11*9 

R.I.  at  20  C  ■  1.1*521 
Pour  Point  •  20  F 

Humble  Hydraulic  Oil  (Drained  from  the  colunn  after  the  run  waa  eompletad) 
Sample  No.  2132 -dlB 

Via.  at  300  F  -  10.66  ca 
at  120  F  -  2.818 

V.I.  -  121.5 

R.I.  at  20  C  -  1.1*572 
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APPENDIX  n 


The  Intoractl'^n  of  Baao  Stocka  and  Polymeric  Materlala  on  Vlscoelty. 

Vlscoalty  andl  Volaiii  i'^y. 

In  generel,  eircreft  lubricant  and  hydraulic  aystema  require  the 
material  to  be  fliad  onouph  that  cold  starting  la  permiaalble  without 
special  equipment  under  arctic  conditions,  while  retaining  sufficient 
viscosity  to  be  of  lubricating  value  at  elevated  temporaturea  ranging 
from  300  F«  At  those  t'-mporaturcs,  most  petroloum  base  materials  possess 
an  aoprociable  vaoor  pressure,  so  that  the  relative  volatility  of  the 
lubricant  is  important.  This  ia  especially  important  in  aircraft 
operation  where  low  ambient  atmospheric  pressures  accentuate  the 
evanoration  problem, 

MIL-H-5606  and  similar  lubrlcatinp  typo  hydraulic  fluids  obtain 
their  final  charactoristica  by  eiTOloyinp  a  blend  consisting  of  a 
relatively  small  porcontogo  of  oil-soluble  synthetic  polymer  in  a  base 
blend  of  conventionally  refined  ootroloum  base  lubricants. 

These  Tjolymors  are  usually  of  the  acrylic  type,  and  of  very  high 
armarent  molecular  wolaht  as  comnared  to  the  oetroleum  nroduct,  having 
molecular  weights  of  1?,000  to  60,000  as  cornnarod  to  350-800  for  the 
base  oil.  They  are  therefore  of  extremely  hi{di  viscosity.  The  blend 
therefore  consists  of  an  extremely  high  percentage  of  the  petroloum 
material,  which  contributes  relatively  slightly  to  the  total  viscosity, 
together  with  a  smell  percentage  of  polymer  which  contributes  half  or 
more  of  the  blended  viscosity.  Thus  typically  a  5606  blend  is  required 
to  be  10  cs  at  130  F,  It  will  bo  blended  of  about  9556  petroleum  oil 
having  a  vlsco8lt3''  of  2,5  to  3t5  cs  at  this  same  temperature,  the  remaining 
viscosity  being  duo  to  the  556  or  loss  of  dissolved  polymer. 


-29- 


The  advantage  to  this  achano  is  that  the  polymer  adde  only  alle^ly 
to  the  viscosity  at  aub-pero  tenporaturea,  thus  allowing  the  blend  to 
aporoaoh  (alt))OUgh  not  attain)  the  low  viscosity  of  the  lighter  base 
stock,  while  contributing  strongly  to  the  viscosity  at  elevated  temp¬ 
eratures.  This  property  Is  measuz^d  normally  by  the  Viscosity  Index, 
and  the  addition  of  the  polyner  typically  Increases  the  VI  from  9$  to 
200  or  over. 

The  disadvantages  ore  two  in  number.  First,  the  volatility  is 
materially  decreased,  the  flash  point  being  reduced  to  230  F,  as 
dompared  to  3^0  or  above  for  a  straight  hydrocarbon  material  of 
ooulvalent  130  F  viscosity,  and  on  ovoporotion  loss  of  over  905?  in  6 
hours  at  350  F,  wheroas  the  oouivnlcnt  hydrocarbon  would  show  less  than 
1Q«. 

An  even  more  serious  disadvnntoge  occurs  in  that  the  very  high 
molecularwelght  of  the  polymers  arc  attained  by  an  essontiolly  linear 
molecular  structure.  Such  molecules  are  extremely  sensitive  to  size 
degradation  through  mechanical  shearing  or  Internal  vibration  either  from 
pressure  waves  or  thermal  agitation.  This  decrease  in  molecular  size 
causes  a  decrease  in  the  viscosity  of  the  polymer  thereby  materially 
reducing  its  lubricating  value. 

Thus,  a  standard  shear  stability  tost  may  show  a  U6JK  reduction  in 
viscosity  as  compared  with  a  2-3$  reduction  in  vlscoalty  with  conventional 
petroleum  stocks  of  the  same  viscosity  at  130  F.  This  same  type  of 
degradation  occurs  in  aircraft  hydraulic  systems  to  the  extent  of  30-35$ 
viscosity  reduction  during  normal  service  life. 

The  purpose  of  thermal  diffusion  methods  is  to  attain  these  higher 
VI  products  by  means  of  selecting  the  shape  of  the  molecule  without 
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appreciably  affeetlnp  the  alee  and  nolocular  weight.  Thus  when  an  oil 
la  thermally  dlffuaed,  its  viecoalty  (at  the  100  to  210  F  range)  la 
decreased,  end  Its  Viscosity  In'^ex  Increased,  without  apnreclabty 
changing  Its  /olatlllty.  The  degree  of  success  attained  today  Is  that 
Viscosity  Index  nvmbers  of  130  to  lltO  have  been  obtained.  This  la  not 
sufficient  to  obtain  products  whose  viscosities  at  extremely  high  and 
low  temperatures  exactly  match  those  nominally  obtained  with  the  polymer 
blonds. 

Two  courses  are  then  ooen.  One  Is  to  relax  the  viscosity  speci¬ 
fications  either  at  hiph  or  low  temperature  to  those  obtainable  by 
thermal  diffusion,  thus  taking  full  advantage  of  the  increased  stability, 
and  the  decreased  volatility  so  obtained. 

Another  cowse  is  to  utilize  the  higher  base  VI  and  lower  volatility 
in  the  TD  oils  as  a  base  stock  for  polymer  blends.  Preliminary  estimates 
are  that  a  hydraulic  fluid  could  be  mode  which  matched  $606  viscosity- 
temoeratui'e  characteristics  exactly,  utilizing  a  base  stock  with  approxi- 
mat  ily  5  cs  at  130  F  viscosity,  nnd  renuiring  only  about  half  as  much 
Dolymer  in  the  blend.  Such  a  base  stock  would  have  over  300  F  flash 
noint  (oossibly  330  F),  thus  reducing  cviporation  at  350  F  to  a  point 
where  at  loast  some  lubricating  power  would  be  retained  over  an 
appreciable  time.  The  shear  stability  would  be  inferior  to  those 
attained  by  the  base  oils,  but  far  superior  to  those  of  conventional  5606, 
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Final  Report  on  Ovon  Tost  Utilltlnfi  Tost  SpeciJiiens  to  Determine  Corrosivity 
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Based  on  the  success  of  nrelimlnary  tests  on  oven  aging  methods 
of  predicting  acidic  corrosivity  of  and  similar  rust  preventive 

ICE  lubricant  and  preservative  ccnpounds,  it  was  decided  to  extend  the 
scope  of  the  testing*  Since  the  relatively  large  mnnber  of  full  scale 
bearings  reqtdrcd  for  the  program  were  not  obtainable,  a  bench  type 
test  was  devised  utilizing  the  following  procedure. 

Tost  specimens  consisted  of  samples  vut  from  7/8"  52100  bar  stock 
approximately  1/2"  long*  Those  samples  were  heat  treated  by  oil  quenching 
followed  by  tempering  in  accordance  with  standards  for  bearing  race  heat 
treatment  in  order  to  insure  the  metallurgical  identity  of  the  tost 
specimens*  Rockwell  hardness  tests  indicated  the  finished  specimens 
to  be  in  the  nonnnl  range  for  bearing  rncoways. 

After  heattroating,  the  tost  specimens  were  ground  and  hand  polished, 
the  final  polishing  being  with  6/0  ornery  polishing  paper,  polishing 
being  continued  until  ell  previous  scratches  from  the  U/0  paper  had  been 
polished  out*  This  striated  surface  mode  it  easy  to  determine  the  onset 
of  corrosive  attack*  The  finished  specimens  were  then  cleaned  in 
petroleum  solvent,  dried  and  stored  in  a  dessicator  until  use. 

The  following  oil  samples  were  prepared  for  test 
1*  MIL-6529C  concentrate 

2*  MIL-L021260  ICE  rust  preventive  finished  blend 
3.  MIL-L-6082  Qrodo  1065  base  stock 
!:•  3/l  blond  of  base  stock  and  concentrate 
5,  6,  and  7*  3/l  blend  plus  same  ratios  of  Ethyl 
702  antioxidant 

8,  9,  and  10*  3/l  blsnd  plus  same  ratios  of  Ethyl  702 
antioxidant 


4 


! 


The  first  3  eflmplee  consisted  of  metorlal  received  fTcsi  Bray  Oil 
Compeny  as  represents tivo  of  the  product  they  were  ftirhlshlng  to  OE, 
together  with  an  oxidation  inhibited  rust  preventive  naterlal  for 
conparlson.  The  remaining  materials  wore  prepared  by  weighing  out  a 
largo  botch  of  the  3/1  blend,  heating  to  200  P  with  stirring  to  insure 
ndeaueto  mixing,  and  then  adding  to  portions  of  the  blend  the  various 
additives  as  indicated.  After  adding  the  anti-oxidant,  each  small  batch 
was  reheated  to  200  F  with  stirring  to  Insure  full  solution  of  the 
antioxidant. 

Each  oil  sample  was  placed  in  a  non-catalytlc  aluminxm  cup,  with 
a  corrosion  test  snecimon  approximately  half  immersed  in  the  oil,  the 
remaining  portion  being  oil  coated  and  exposed  to  air.  All  test  speci¬ 
mens  wore  placed  in  a  free  convection  atmosphorlc  oven  maintained  at 
180  F. 

The  following  results  wore  obtained.  Corrosion  followed  the 
same  corrosion  mechanism  as  in  the  turbosupercharger  storage  colls, 
corrosion  being  associated  with  oil  darkening,  an  oxidised  odor  and 
formation  of  a  resinous  coating.  Sample  No,  1*  was  the  most  sensitive 
to  corrosion,  being  worse  than  either  tho  base  lubricating  oil  or  the 
undiluted  concontrato.  First  corrosion  deposits  were  found  between  2$ 
and  30  days,  indicating  the  safe  protective  life  to  be  of  the  order  of 
20  days  at  those  tost  conditions.  Both  the  base  oil,  the  MIL'>21260, 
and  all  oxidation  etablllzed  samplos  wore  untouched  at  36  days  test. 

This  test  was  concluded  at  50  days,  at  which  time  the  concentrate 
showed  extensive  deposits  and  corrosion,  the  base  oil  showed  slight 
corrosion  with  no  deposits,  and  MIL-21260  Indicated  some  darkening 
although  thoro  was  no  corrosion  or  deposits. 

The  Parabar  hhl  treated  epeclmone  elso  had  darkened  appreciably 
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with  tho  tKo  lower  concentre tlona  of  antlooddant  a]Bo  showing  corrosion| 
the 0,125^  concentretlon  showed  slitrht  deposits.  The  Q,$%  concenti-ation 
showed  protection  on  2  of  the  3  specimens  with. corrosion  being  indicated 
on  tho  third.  It  is  therefore  believed  that  50  days  represents  the 
borderline  treatment  for  Perabar  W4I  at  a  somewhat  advanced  concentration 
over  that  used  at  QE.  Since  untreated  oils  showed  deterioration  and 
corrosion  at  the  7  to  8  month  level,  Parabar  Ua  treatment  could  bo 
assumed  to  be  adequate  for  aporoxlmately  1  year, 

Tho  Ethyl  702  additive  showed  much  bettor  color  stability,  the  oil 
darkening  being  only  about  half  as  intense.  At  the  50  day  termination 
of  tho  tost,  tho  0.2  and  0.25^  treatment  levels  showed  perfect  protection, 
with  tho  0,125%  lovol  showing  light  corrosion  with  no  deposits. 

In  view  of  the  excellent  corrosion  protection  obtained,  it  was 
felt  worthwhile  to  investigate  other  typos  of  antioxidant  materials. 
Therefore  a  second  sot  of  test  spocimons  were  prepared,  utilizing  the 
following  mnterir.ls.  Ethyl  702  and  Parabar  Ua  for  comparison  purposes, 
"dilly-dap"  from  Carlisle  Chemical  Company,  a  sulfur  containing  organic 
alkane,  Santonox  from  Monsanto,  a  hindered  phenol  similar  in  structure 
to  702  and  1*1*1,  but  containing  sulfur,  Ortholcum  3Cl*  from  DuPont,  an 
amino  type  (both  with  and  without  tho  addition  of  a  metal  deactivator), 
Butyl  simate  and  Vanlube  76  from  R,  T,  Vanderbilt,  the  former  being  a 
metal  carbamate  and  the  latter  a  proprietary  antioxidant  and  rust 
inhibitor  of  unknown  composition.  All  samples  were  tested  at  0.2, 

0,1*  and  0,6^  concentration.  Pailure  by  corrosion  occurred  at  the 
following  times, 

Parabar  1*1*1,  all  s amnios  between  35  and  1*0  days.  This  extension 
of  time  is  attributed  to  the  absonco  of  oxidized  oil  fumes  from  tho 
uninhibited  specimens. 


Santonooc  romnlea  failed  at  30-35  days,  and  dilly-dao  at  1*0  to  hS 
days,  being  woree  than  Poreber  or  not  significantly  bettvr.  They  are 
therefore  eliminated  from  further  considerotion. 

The  teat  was  concluded  after  100  days.  Materials  showing  no 
corrosion  at  this  period  are  considered  to  be  the  equivalent  of  18 
months  to  2  years  container  storage  fife.  Test  was  discontinued  at 
this  time  duo  to  excessive  evaporation  of  oil,  so  that  there  was 
essentially  no  material  left  to  cover  the  test  specimens. 

The  best  material  from  an  overall  standpoint  was  Ethyl  702,  which 
consistently  maintained  better  color  to  the  oil  showing  only  about 
hfilf  as  much  darkening  as  did  competitive  materials.  The  Ortholcum 
30l*  showed  slight  corrosion  at  55  days  on  the  0,2^  treatment  level, 
but  nassod  the  100  day  tost  when  reinforced  with  O.lj?  metal  deactivator. 
Oils  were  very  dark  in  all  cases. 

Vanderbilt  Butyl  simato  also  nassed  the  tost,  with  oil  darkening 
intermediate  botwoon  that  of  the  Ethyl  and  duPont  materials.  However, 
the  proprietary  m.iteriol  showed  corrosion  at  30  to  35  days  even  when 
the  treatment  level  was  carried  to  1,0/?,  Presumably  these  disappointing 
results  are  due  to  the  material  being  present  in  solution  rather  than 
as  1005?  active  ingredient  as  is  the  case  with  other  test  materials. 

Test  oils  were  analyzed  for  viscosity  end  acidity  Increase.  All 
showed  such  increases  but  the  amount  of  increase  at  point  of  first 
corrosion  was  quite  varied,  indicating  that  these  tests  could  not  be 
used  for  determining  a  danger  point  in  the  oil. 

It  is  therefore)  concluded  that  the  desired  safe  storage  time  could 
be  obtained  with  a  variety  of  oxidation  inhibitor  treatments  at  the 
0,25?  level,  with  Ethyl  7^2  being  first  choice  due  to  its  color  maintenance 
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propertiea,  and  its  previoua  aucoosaful  uae  in  Jet  Engine  oila  where  no 
operational  diTficultlee  wore  found  when  the  oila  were  uaed  in  engine 
aervice.  Since  theao  aamc  atom go  conditions  prevail  in  reciprocating 
engine  atoroge,  it  is  further  reeommondod  that  the  Air  Powe  investigate 
the  nopsibility  of  adopting  this  treata»nt  to  all  MIL-6529  lubricant 
erodes . 
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Apparon  iv 


Tot  ComnAndor 

Oklahoma  City  Air  Material  Area 
Tinker  Air  Force  Daae,  Okla, 

Attention:  OCNE 

From:  Prul  A,  Cuahmen 

CURI 

Korman,  Oklahoma 

Subject:  Contract  Number  3U(601)-lli089 

Order  Number  3lt-601-63-Ji 
OURI  Project  No.  1381i-lt 
Rp;  OURI  Problem  Nuj^r  63-5 
Vjnkor  Project  Reference 

This  nrojoct  wfis  sutsnitted  by  Walter  Kline  7-25-63  and  reported  thus 
far  on  8-ll:-63.  I*  is  a  raceway  study  of  tho  followlnc  two  wobbler 
raceways,  0n(  rnco  is  Stock  Number  1650  739-0825  of  inner  motor  wobbler 
Part  No,  6891:11#  etched  H-689lill  between  raceways.  The  other  race  is 
Stock  Nvunbor  l650  739-1839  of  roller  pump  wobbler#  Part  No,  689068, 
etched  E-689068  between  raceways.  Doth  are  made  by  Sunstrand,  The  first 
is  about  6  ll/l6"  OD  and  has  two  chamfered  raceways  l/2"  wide.  The 
second  is  about  6  7/8"  00  and  has  two  chamfered  raceways  9/16"  wide. 

Doth  chambcied  raceways  are  norfectly  straight  across,  with  curva¬ 
ture  enly  in  tho  annular  direction.  Those  races  are  scheduled  to  last 
lOOO  hours,  None  make  better  than  100  hours  before  faticue  develops  in 
the  raceways. 

The  neth  of  contact  is  about  .030"  wide  in  each  raceway  of  Part  No, 
689ljll  inner  motor  wobbler.  This  is  found  by  measurine  the  width  of 
tho  bright  metallic  line  of  the  path  of  contact.  This  flat,  straight 
lino,  contact  forms  a  totally  insufficient  bearing  area  between  the  pin 
and  raceway,  Tho  d..sifpi  utterly  disregards  the  bell  bearing  law,  that 
when  a  ball  rolls  in  u  raceway  tho  diameter  of  the  raceway  must  exceed 
the  diameter  of  the  ball  by  exactly  and  never  much  more.  The 
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computation  must  be  made  as  followa. 

The  currature  of  tho  rolling  contact  pins  la  approoclmately 
dlamotor.  This  oin  avrfoco  c'oi-vnturo  must  bo  held  at  exactly  1.75"  In 
monufnotinro*  Adding  1,75"  plus  ,0li  x  1,75"  gives  1.820",  which  must  bo 
tho  curvnture  in  tho  raceway.  This  curvature  can  alone  provide  suffi¬ 
cient  area  of  contact  between  pin  surface  and  raceway  surface  according 
to  tho  bearing  monufacturera '  rule,  Tho  pin  surfneo  curvature  of  1,75" 
dlamotor  provides  tho  equivalent  of  a  1,75"  diameter  ball  rotating  on 
a  chamferod  surf>icc  ns  nt  nresont  designed.  The  small  contact  area 
botween  nln  surface  and  raceway  provides  insufficient  curved  area  of 
contact  for  frictionlosr  oin  rotation.  The  small  contact  area  botween 
oin  surface  and  raceway  oroduccs  tho  narrow  raceway  path  of  ,030", 
which jhould  not  bo  loss  than  ,160"  to  ,130"  of  width.  The  surf :  ce  in 
which  tho  oins  rotate  must  be  on  annular  sohoricnl  scat  instead  of  an 
annular  chamfered  surface, 

Tho  wobbler  action  will  possibly  vary  the  design  from  h%  slightly 
but  vci*y  little  Possibly  h, 125/2  might  prove  a  better  figure  than  Ilf, 
That  would  have  to  bo  proven  by  experiment. 

Experimentation  would  be  required  to  confirm  any  variation  of  the 
hf  law  to  such  as  u,125^  for  this  application  to  pin  rolling  contact. 

The  angle  of  8  degrees  chamfer  selected  in  this  design  mokes  compli¬ 
cations  which  only  experiment  can  determine.  The  angle  of  this  race¬ 
way  with  tho  axis  could  require  change  to  make  the  spherical  seat  work 
out  correctly,  Tho  right  combination  will  be  that  which  gives  raceway 
contact  paths  of  around  ,l6o"  to  ,180"  widths.  This  contact  width  is 
the  crucial  factor  which  controls  the  dosigi.  The  angle  of  the  spherical 
seat  must  certainly  bo  designed  with  respect  to  the  axis  so  that  the 
angle  of  contact  is  not  much  above  10  degrees,  A  large  scale  drafting 
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layout  would  prevent  excoaelve  ancle  of  contact.  The  quoted  per  cent 
cxarvnturo  rule  may  become  li  .12$%^  hj?,  or  in  between  ns  found  necessary 
when  ep’^lied  to  wobbler  doslcn  to  nttein  the  necessary  width  of  contact 
potliwny.  In  mmaurinc  tho  of  contact  path,  only  the  bright  metal 

rinrt  in  the  rnc  /uy  must  be  scnlod.  It  is  not  only  ,030”  wide,  which 
dletinotly  is  t;’.e  crrrr  r.s  row  layed  out, 

’’he-'o  r  thick  black  oxide  coating  giving  an  apparent  width  of 
over  ,030'  ,  b^j.l  iuoh  additional  width  is  not  motal  contact.  It  must 
not  bo  consldc-cou  f.s  ‘■n  arau  of  support  for  the  pins. 

Another  difficulty  of  the  gravoBt  importance  is  that  the  chamfered 
raceways  contain  oolishinc  boat  pits  of  ,00ii"  to  ,10"  diamotor.  By 
scraoinr'  off  a  one  inch  lenrth  of  tho  block  oxide,  we  studied  the  original 
surface  of  •  There  arc  os  many  as  twenty  boat  polishing  pit  holes 

in  this  one  inch  lonrth^  which  oro  visible  with  an  oyepioco  at  6X  magni¬ 
fication,  This  la  cxcoptionnlly  noor  rncowoy  grinding.  Even  one  heat 
nit  hole  in  this  one  inch  length  would  bo  sufficient  cause  for  rejec¬ 
tion  of  this  bcarini^, 

Tb-^re  are  are?  a  scalloped,  or  seeckled,  appearance  in  the 

above  mentioned  cno  inch  Inngth.  There  ere  many  valleys  and  many  serai- 
polished  ridges  in  thio  i/2''  wide  by  1"  long  surface,  Two  polishing 
heat  pit  holes  ore  ,010"  diameter.  These  ore  circled  in  ink.  It  is 
urusual  to  find  two  pit  holes  over  ,007"  diameter  in  a  one  inch  length, 

Tho  twenty-odd  in  the  one  inch  length  can  be  clearly  seen  at  6X  and  lOX 
magnification  with  a  rtcroscope,  Tho  microscope  greatly  excels  the 
oyopicoe  for  this  w-  v.t 

Tho  polishing  1  eat  pxt  holes  are  snots  of  motal  weakness  whore 
fatigue  holes  begin  to  sot  up  in  two  to  twenty  hours  of  operation.  There 
is  a  dischflrgo  of  stool  powder  frcmi  those  polishing  heat  pit  holes.  This 


powder  eeti  up  dirt  not  marks  In  the  raceways,  caused  rapid  wear  end 
dynamic  vibrations  in  thuao  two  wobblers.  The  holes  in  the  raceways 
wore  made  by  the  raceway  •p^illehors.  They  used  the  wrong  kind  of  polishing 
natnrial,  exco.i'ivt  pro^s’^rr  an  the  polishing  wheel  or  polishing  cloth 
an'’  r^coaslvo  ^  of  r:.tat;'on.  Particularly,  three  to  four  pouzwls 
of  '■'t.iopuco  during  polishing  is  a  groat  plenty, 

Wiero  a  strong  flow  of  ll^t  No,  10  oil  prevails  during  bearing 
rotrtim^  tho  dipchrrGod  cirt  can  bo  washed  away  from  tho  bearing  aomewhat. 
This  washing  ran  noolong  tho  life  of  a  defective  bearing  sll^tly,  and 
somotlTos  conrldoraoly.  There  is  not  such  effective  flow  of  oil  in 
these  wobbloif „  Tlic  pollphing  hont  pit  holes  therefore  completely 
doatroj' wobbler  raceways  In  100  hours.  Wear  begins  in  ton  to  twenty  hours. 
An  oscilloscope  will  show  very  bod  dynamic  effects  of  progrosslvoly 
increasing  violence  In  every  boll  bearing  containing  polishing  heot 
pit  holes.  Those  holes  will  bo  observed  to  grow  gradually  larger  and 
become  fatigue  soots  when  periodic  chocks  of  raceway  wear  are  attempted. 

It  is  absolutely  essential  for  ovory  raceway  to  be  visually  studied. 
Rejection  is  required  of  every  raceway  which  shows  the  least  sign  of 
such  a  defect  os  polishing  hoot  pit  holes,  annular  ridges  in  the  race- 
wry,  annular  volleys,  scratches,  corrosion,  and  impurities,  ary  of 
which  can  be  seen  ot  6X  magnification.  Of  these  raceway  flaws  polishing 
hont  pit  holes  may  bo  the  most  destructive  of  bearing  life, 

Tho  wobbler  racowry  etched  E689068  shows  five  polishing  host  pit 
holes  in  an  inked  cJi-rir  of  3/l6"  diameter,  marked  outside  of  the  pathway. 
There  are  hundreds  -'f  c' .  -'t  polishing  holes  in  this  one  race»ray.  On  the 
opposita  rnce-yny  r  l/'ii"  x  ?/l6”  parrallelogram  has  been  marked,  also  a 
3/16"  X  3/16"  rhomb-.TS  The  two  scrotohes  to  the  left  of  the  rhombus 
wore  not  made  by  us.  Examination  of  those  areas  reveals  a  quantity  of 
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hmt  pit  holcB,  nrmular  scarB,  annular  valleys,  and  exceedingly  poor 
rflcoimy  finish,  which  no  b'-rtrlnj;  man  of  cacperience  could  tolerate* 

A  third,  rtnd  r>2riou3,  '^’ifficij.ty  on  the  6  11/16”  OD  race,  H-689UII, 
orifon  from  tho  cxido  coating  of  ,002"  layer  thickness.  This 

co'-'-l:'.;:  oonstliutos  ilrt.  ''oataminotion  of  the  lubricant.  It  scratches 
rfj  h  '  ;<nife  rubbing’  T-'j.  when  tho  dosigi  and  grinding-poliahlng  errors 
r.x'‘.  ^Tovrected,  this  dir-  oinnot  bo  porin' t tod.  It  is  supposed  to  be  a 
bl-'ck  oclde,  but  it  h?’  b-!^omo  gritty  and  constitutes  a  harmful  dirt, 
r.io  serrs  and  aoratr.’^r.o  Ir.  Lho  ,030"  pathway  show  that  this  grit  and/or 
tho  discharged  metallic  dupt  has  boon  rubbed  between  tho  piston  surfaces 
and  the  rncowr/s. 

All  three  of  those  Quality  and  design  difficulties  must  be  eliminated. 
Ary  one  of  theao  three  flaws  would  bo  sufficient  to  cause  very  short 
raceway  life. 
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To:  Coimandtr 

Oklahema  City  Air  Material  Area 

Tinker  AFB 

Oklahoma 

From:  W,  J  .  Ewbank 

School  of  Mechnical  Enf^eerlng 
University  of  Oklahoma 
Norman,  OtcLahoma 

.'abject:  AF  3li-(60l)-lli089 

OURI  Project  1381:-1* 

Specific  Problem  63-li 

Contandnat j on  of  MIL-L-7808  Lubricatinr'  Oil  In  Sundstrand 
Drives, 

Comnents  on  Letter  from  R,  W,  Waaserman 
We  would  like  to  make  the  following  comments  on  the  request  by 
R.  W,  Wassermen  for  suggestions  as  to  specific  physical  properties 
required  on  a  fluid  to  be  used  for  constant  speod  drive  applications* 

1,  The  constant  soeed  drive  mechanism  was  originally  developed 
under  the  concept  that  it  would  bo  a  part  of  the  engine  lubricant  system. 
The  question  of  choice  of  lubricant  was,  therefore,  not  even  considered, 
since  tlie  CSD  was  required  to  perform  satisfactorily  when  utilizing  the 
c  igine  lubricant,  this  mat  irial  having  special  properties  designed  to 
mtimise  its  performance  in  a  jet  engine  lubricating  system, 

3,  The  constant  soeed  drive  is,  therefore,  using  MIL-7808  primarily 
for  a  reason  which  is  no  longer  volid.  This  lubricant  is  desieped  to 
imnrove  jet  engine  performance.  Since,  so  far  as  we  can  determine,  the 
CSD  has  consistently  been  lubricated  only  with  MIL-7809  oil,  there  is 
no  real  basis  for  deciding  whether  any  particular  alteration  in  its 
properties  would  help  or  harm  the  operation  of  the  lubricant  as  a  CSD 
fluid.  Although  these  comments  apply  to  particular  property  values,  it 
seems  almost  certain  that  such  improvement  in  lubricant  quality  can  be 
obtained  once  it  la  decided  as  to  which  nropsrtlea  affect  the  actual 
machine  performance. 
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b*  The  oommonts  rogar^’ing  various  physical  properties  i^loh  follow 
are,  therefore,  highly  tentntivo,  since  it  is  not  believed  possible  at 
the  present  tine  to  set  un  any  standards  on  physical  properties  which 
will  guarantee  that  one  lubricant  will  perform  bettor  than  another. 
Rather,  it  is  our  feeling  that  a  major  goal  of  the  proposed  test  program 
would  be  to  determine  which  ohysical  properties,  if  any  hove  an  impor¬ 
tant  effect  of  the  quality  of  lubrication  of  a  CSD  as  measured  by  actual 
tests. 

5.  With  regard  to  the  physical  tests,  we  would  have  the  following 
comments : 

a.  Kinematic  viscosity  -  for  theoretical  rcsons,  we  feol  that 
materially  greater  scuff  resistance  in  the  pump  plate  and  pump 
piston  area  would  be  obtained  by  using  oils  of  higher  viscosity. 

This  is  of  the  utmost  Importance  importance  in  some  newer  installa¬ 
tions,  As  a  result,  the  affective  viscosity  in  the  nump  is 
materially  reduced.  Wo  woiild  suggest  that  oils  be  tested  having 
viscosity  50  to  1005?  rjontor  than  those  specified  in  the  MIL-7808 
specifications  in  ordor  to  prove  or  disprove  this  theoretical  idea, 

b.  Flash  point  and  pour  point  will  both  be  increased  when  a  more 
vis  cous  oil  is  used.  Since  flash  point  is  already  safely  high, 
the  only  purpose  of  this  test  is  as  a  routine  inspection  to  detor- 
mino  ^aslble  contamination.  The  pour  point  specification  will 
need  to  be  relaxed.  Our  information  indicates  that  actual  operation 
is  not  expected  to  occur  at  temper aturea  lower  than  -U5  F,  There¬ 
fore,  a  pour  Point  bolow  this  value  would  appear  to  be  safe. 

c.  Although  OC/iMA  has  exnorionced  difficulty  with  MIL-7808  oils 
of  hlf^i  lead  corrosion  number,  it  is  well  known  that  the  corrosion 
results  shown  in  these  labootory' bench  tests  vni^r  markedly  fr<Mn 
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field  eacperlenoe  and  corr'^lation  1b  only  valid  for  a  particular 
type  of  lubricant  base  stock.  Wo  would  not,  therefore,  recommend 
that  any  notontially  interesting  lubricant  be  rejected  as  a  tost 
candidate  on  the  basis  of  bench  corrosion  studios. 

d.  The  same  comments  apoly  to  synthetic  rubber  swell  characteristics, 
since  it  serms  absurd  to  reject  an  oil  of  excellent  lubricating 
properties  because  of  an  advorso  effect  on  the  scaling  gaskets. 

Rather,  the  gasket  materials  should  be  designed  so  as  to  rermlt 

the  uso  of  the  most  effective  lubricant, 

e.  In  view  of  the  higher  temperatures  to  which  newer  CSD  units 
are  being  exposed,  we  would  believo  that  the  tost  requirements  for 
evaporation  loss,  deposition  number  and  oxidation  stability  should 
bo  held  at  the  current  values  given  in  MIL-7808,  but  the  tests 
should  be  run  at  a  materially  higher  temperature  (approximately 

100  F),  In  view  of  the  fact  that  the  CSD  is  a  hydraulic  transmission, 
bulk  modulus  is  an  imnortant  design  nerametor.  However,  apparently 
the  hvdraulic  characteristics  of  MIL-7808  are  satisfactory.  We 
would,  therefore,  supcest  that  candidate  oils  bo  at  least  equal 
to  current  MIL-78'^8  nroducts.  If  nossible,  a  candidate  oil  of 
materially  better  bulk  modulus  should  be  obtained  and  tested  to 
determine  whether  imoroved  drive  performance  is  obtained  with  a 
material  which  is  an  improved  hydraulic  fluid, 

f .  With  regard  to  load  carrying  capacity  and  lubricity  which  are 
the  most  Is^ortant  characteristics  in  view  of  current  operating 
difficultlos,  we  have  not  been  able  to  correlate  results  obtained 
on  various  batches  of  MIL-7808  oil  with  field  performance  of  these 
batches.  Perhaps  one  roason  for  such  lack  of  correlation  is  that 


mil-7608  oils  cover  a  narrow  range  of  those  prooortles.  In  an7 
event^  there  aooms  to  bo  no  way  in  which  to  choose  either  a  test 
method  or  a  range  of  value?  for  any  test  method*  We  would*  therefore* 
suggest  that  all  candidate  oils  bo  tested  utilizing  the  standard 
load  and  wear  tost  methods  such  as  Timken*  SAE*  Almen*  Shell 
li-ball  (both  seizure  and  wear  test  methods)*  etc.*  and  that  these 
results  be  comnared  with  performance  of  the  candidate  oils  as 
determined  by  actual  testa  in  CSD  units.  With  such  results*  it 
should  be  oossible  to  determine  which  test  method  correlates  best 
with  service  oorformanco  and  what  ndnimum  values  should  be  required 
in  this  test. 

6.  The  heart  of  this  evaluation  orogrem*  therefore,  resides  in 
suitably  testing  a  variety  of  candidate  lubricants  in  full  scale  CSD 
units*  since  no  evidence  whatever  oodsts  showing  that  any  screening 
test  is  able  to  predict  that  a  given  oil  will  show  actual  nerformance 
either  bettor  or  worse  then  any  other  oil. 
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APPENDIX  V 


Commander,  Oklahona  City  Air  Material  Area 
Tinker  Air  Force  Doeo,  Oklahoma 
Attention:  OCNE 

W.  J,  Ewbank 
Project  Director 
OURI 

Norman,  Oklahoma 

Contract  Number  3li( 601) -11*089 
Order  Number  3li“601-63-l* 

OORI  Project  Nmbcr  139li-li 
Sooclal  Problon  63-7 

Suitability  of  Orado  1100  Aviation  Oil  after  Contamination 
with  Aviation  Gasoline, 

STATEMENT  OF  PROBLEM 

This  nroblom  arose  from  the  desire  of  Strater^ic  Air  Coemand  to 
extend  the  life  of  roclorocatins  aircraft  lubricating  oil.  It  is 
the  oollcy  of  SAC  in  winter  to  dilute  the  oil  in  the  lubricating  sys¬ 
tem  with  apnracljnntely  12%  of  aviation  r-asoline.  Those  engines  are 
then  ground  run  after  being  started  for  a  sufficient  length  of  time  to 
evaTjorate  the  gasoline.  In  many  cases  the  engines  are  started  and 
ground  run  without  the  nircr.ift  being  taken  off;  however,  Tech  Orders 
require  that  at  lo^st  every  third  such  engine  start  should  be  accompanied 
by  flight  to  operating  alticudo  of  30,000  feet  so  as  to  fully  warm  the 
engine  and  evenorate  the  lubricant.  At  the  present  time  the  orders 
rcQulre  dlscerdlng  the  lubricant  after  three  such  flights.  It  was 
requested  that  we  determine  if  the  remaining  traces  of  gasoline  dilution 
wore  causing  any  deleterious  effects  or  whether  nossibly  four  such 
operations  could  bo  considered, 

TEST  PRCKffiAM  AND  RESULTS 

A  laboratory  bench  tost  was  set  un  where  a  samole  of  new  Grade 
1100  aviation  oil  was  diluted  with  1252  gasolino.  The  resulting  diluted 
material  was  then  evaoorated  at  190  to  200  F  over  a  steam  bath  at 
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To: 

From: 

Subject: 


»vl:«ioaphorlc  oresBuro.  After  two  such  onorationa,  the  third  ovaTwration 
took  nlaoc  in  a  vrcuum  flaek  nt  190  P,  tho  oreaaure  in  the  vacuum  flaak 
boine  neintalned  equivalent  to  that  at  30,000  foot  altitude.  These 
three  dilutions  ended  by  a  vacuum  re-evaeoration  hereafter  referred 
to  as  a  cycle.  Sarnies  from  tho  now  oil  from  one  cycle  and  from  three 
cycles  of  ooeratlon  were  analyzed  by  tho  Chemical  Laboratory,  OCAMA, 
using  an  infrared  soectro-photonoter  and  were  subjected  to  physical 
tests  and  analysis  by  the  OD  Research  Institute, 

The  Infrared  spoctro-photomoter  test  was  included  because  this 
engine  uses  Orode  1100  lubrication  oil  to  which  2%  cyclohexanone  has 
been  added  for  the  purpose  of  acting  as  a  carbon  solvent  and  softener. 
Preliminary  work  utilizinr  samples  of  Grade  1100  aviation  oil  diluted 
with  various  percentages  of  cyclohexanone  indicated  a  good  absorption 
peak  for  this  material  which  showed  a  ouantltative  correlation  with 
tho  ncrcontage  of  cyclohexanone  knovm  to  have  boon  put  into  the  sample. 

Briefly,  the  results  of  this  tost  showed  that  even  after  one  cycle, 
no  trnco  of  cyclohrxnnono  wns  left,  Natuelly,  the  same  result  was 
obtained  from  the  samnle  after  throe  c’^cles  of  ooeration.  A  special 
tost  sainnle  of  cyclohexnnonc-tronted  oil  without  dilution  was  exposed 
to  tho  same  190  F  test  tonneroture  for  the  same  length  of  time  and  showed 
less  than  505?  removal  of  cyclohexanone.  It  is  therefore  believed  that 
the  complete  removal  of  cyclohexanone  is  due  to  the  rather  vigorous 
boiling  action  of  the  gasoline  dilutent  on  such  heating,  this  action 
causing  the  stripping  of  the  cyclohexanone  similar  to  the  effects  of 
steam  distillation. 

Physical  tests  of  the  now  oil,  the  one  cycle  treated  oil  and  the 
three  cycle  treated  oil  are  given  below  j 


oBt  Prooeduro 


New  Oil 


One  Cycle  Oil  Three  Cyple  Oil 


Viscosity  at  100  F, 
centlstokes 

2U$ 

216 

229 

Viscosity  at  210  F, 
centistokos 

20,06 

18,9 

18.9 

Flash  point,  ®F 

525 

500 

llliO  (See  note  1) 

Ash  content 

0 

0,05 

0,05 

Note  1,  A  small  flash  w/»a  obtained  at  WjO  F,  It  was  a  very  small  blue 
flash  typical  of  fuel  dilution.  The  test  was  therefore  continuedi 
flash  was  not  obtained  at  every  5°  intervoning  temperature  until  U90  F 
from  which  time  a  flash  was  obtained  at  oach  F,  Therefore,  the  low 
flash  is  considered  to  ho  typical  of  fuel  dilution  with  the  li90  F  being 
typical  of  the  lubricating  oil.  This  was  confirmod  by  the  fact  that  the 
fire  ooint  of  580  F  is  typical  of  undiluted  lubricating  oil  of  this  grade, 
CONCLUSIONS 

None  of  the  chnncoe  in  tho  physical  specification  ore  considered 
to  bo  harmful  to  tho  function  of  tho  lubricatinr  oil  and  the  conparison 
of  results  between  the  or.c  cycle  and  tho  three  cycle  indicates  that 
continued  deterioration  in  not  to  be  feared. 

The  worst  point  found  in  tho  investigation  was  tho  canplete  disap- 
pearonco  of  tho  cj-clohcxanonc  additive  after  only  one  dilution  cycle. 

If  SAC  believes  that  this  material  is  fiurnishing  a  real  service  in 
nrevonting  engine  carbon  denosit  formation,  some  provision  should  bc- 
mndo  for  a  continuous  ronlenishmont  of  the  cyclohexanone  content  of  the 
lubricating  oil  during  winter  service.  Due  to  tho  fact  that  evaporation 
is  slow  in  the  absence  of  dilution  boiloff,  it  is  doubtful  that  cyclo¬ 
hexanone  replacement  is  necessary  unless  dilution  prodedures  ore  being 


followed 


In  any  ovont  there  aeoma  to  bo  no  reaaon  why  a  fourth  operational 
cycle  ahould  not  bo  norformod  by  £AC  nasunine  that  engine  operating 
conditiona  are  normal  and  that  the  engine  lubricant  has  not  been 
contaminated  from  aomo  outside  source. 


i 
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APPENOn  VI 


Cormnndor 
OC/iMA 

Tl^'kor  Air  Force  Baeo,  Oklahoma 
Attontlon:  OCNE 

W.  J,  Eubank 
Project  Director 
OURI 

Norman,  Oklahoma 

Contract  Number  3li( 601) -11*089 
Order  Number  3ij-601-63-l* 

OORI  Project  Number  1381*-!* 

Final  Report  on  Special  Problem  63-9  (62R76801) 
Determination  of  the  Proper  Lubricant  for  Uae  in  Ram 
Turbines 

1.  This  oroblem  arose  as  a  result  of  sticking  of  the  pitch  control 
meobanlsm  in  blades  of  ram  air  turbines.  This  pitch  control  is  main¬ 
tained  by  a  set  of  interlocking  gears  held  in  olace  by  ball  bearings , 

The  bearings  stuck  from  rust  corrosion  duo  to  condensation  and  ambient 
moisture, 

2.  Invest! cat, ion  of  the  problem  indicated  that  the  use  of  a  rust- 
Inhlbltlng  lubricant  should  prevent  this  corrosion  and  alleviate  the 
situation. 

3.  An  analysis  of  tho  oooratlng  conditions  of  the  bearings  showed 
that  the  lubricant  recommended  should  bo  able  to  moot  the  following 
roQulremonts: 

a.  It  should  permit  oneration  of  the  bearings  at  low  ambient  temp¬ 
eratures  , 

b.  The  maximum  tomocrature  in  seirvlce  will  be  under  200  F, 

c.  It  should  have  maximum  corrosion  (water)  resistance. 

d*.  It  shovild  absorb  water  into  the  grease  structure  without 
excessive  softening. 


To: 


From: 


Subject: 


i 
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li*  A  military  npnroved  lubricant  which  meets  these  requirements 
is  MIL41-1092l|D,  Automotive  and  Artillory  Oroase,  which  is  hereby 
rocoimondod  es  e  satisfactory  lubricant  for  the  nurpose. 
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’’’it  Commander 

Okiahorae  City  Air  Material  Area 
Tinker  Air  Force  Dnao,  Oklahoma 
Attention:  OCNE 

From:  W.  J.  Ewbenk 

Project  Director 
OURI 

Norman,  Oklahoma 

Subject:  Contract  Number  3l:(601)»Ui089 

OURI  Project  Number  1381:-1* 

Specific  Problem  63-11 

Determination  of  a  Suitable  Lubricant  for  Load  Screws  of 
Mlaailo  Attitude  Stands 

statement  of  PROBLEM 

This  problem  arose  when  the  North  American  Aviation  Company  specified 
a  proprietary  lubricant  for  lubrication  of  lead  screws  which  control  the 
attitude  of  the  missile  chockout  stand  built  by  thorn  and  which  had  shown 
oxcossive  wear  when  lubricated  with  conventional  lubricants. 

Their  reconmendation  was  that  a  material  referred  to  as  Torko  grade 
SAE  50  motor  oil  bo  used^  supolimontod  with  an  additive  known  as  Torko 
Rod-Top  or  Torko  Dluo-Too  additive.  These  materials  ore  extensively 
sold  to  'hot  rod"  owners  on  the  West  Coast  but  represent  a  supply 
problem  in  other  parts  of  the  United  States, 

RESULTS 

Samples  of  Torko  motor  oil  and  Torko  Rod-Top  additives  were 
obtained  from  Cllnton-Shorman  Air  Forde  Base,  Although  a  sample  of 
Torko  Bluo-Top  additive  was  not  obtained,  it  is  believed  that  the 
analytical  comments  apply  to  it  since  the  instructions  from  North 
American  Aviation  indicates  that  the  two  additives  are  essentially 
identical  and  may  bo  used  intorchaneoably. 
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■'.itlo,  at  which  time,  the  vapor  evolving  ie  etill  over  90%  water.  Thus 
.essentially  only  water  evanoretea,  Asauminp  that  the  evanoration  is 
stoonod  at  this  rxjint,  and  that  water  only  evaocrates,  the  thermal  capa¬ 
city  of  the  system  would  be  of  the  order  of  lii0,000  Utu,  with  a  reserve 
of  about  20,000  Btu  obteinablo  by  evanoreting  the  glycol  at  temperatures 
between  250  and  ’70  F,  The  latter  is  theappreximate  boiling  point  of 
Duro  glycol  at  30,000  feet.  This  sytem  would  also  have  the  disadvantage 
that  before  it  ran  dry,  it  would  undoubtedly  be  evaporating  a  combustible 
mixture,  although  only  in  the  very  final  stages.  If  these  occiarred  only 
in  flight,  it  is  doubtful  that  any  flammability  hazard  would  incur. 

8.  The  use  of  methyl  or  ethyl  alcolhol  or  other  low  boiling  miscible 
solvents  as  anti-freeze  is  not  recommended.  No  suitable  azeotropes  are 
known,  and  due  to  the  relative  boiling  o-'ints,  concentration  of  the  organic 
material  occurs  within  the  vap>or  phase,  probably  leading  to  an  inflamma¬ 
bility  hazard,  which  would  be  most  serious  during  the  early  ground  run 
stages, 

9.  On  the  basis  of  the  above  survey  it  Is  recommended  that  the 
Chemical  Laboratory  OCAMA  run  bests  to  evaluate  the  inflammability 

hazard  of  the  ''Co11oso1vo''/wf  tor  and  the  "Methyl  CelloBolvo"/water  mixtuz^s 
as  well  as  the  freezing  cha-’actcrlstics. 
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FVeozlng  point  of  the  30/70  mixture  is  between  10  and  15  F,  which 
?.8  a  materiel  improvement.  Again,  specific  information  on  this  material's 
froozinp  characteristics  Is  lackinc.  However,  typically  concentration  of 
the  higher  melting  point  material  occtirs  in  the  solid  phase,  thus  concen¬ 
trating  the  anti-freeze  affect.  Thus  the  freezing  point  of  a  50/50  mix¬ 
ture  is  -20  F.  Orgallc  fluid-water  mlxlbla  solutions  therefore  tend  to 
freeze  to  a  slush  of  ice  crystals  in  an  unfrozen  liouid  solution.  Such 
a  material  should  melt  com-'letely  without  building  up  pressures  due  to 
premature  boiling.  Incidentally,  typically  such  materials  shrink  on 
freezing  thus  eliminating  pressure  build-un  due  to  freezing. 

5,  If  the  above  ayatom  is  found  to  furnish  combustible  vapors,  a 
lower  concentration  version  is  "Methyl  Cello8olve"/water  in  a  17/83  volume 
ratio.  This  also  boils  st  210  F,  and  other  comments  are  pertinent, 

6,  Heat  of  solution  dati  have  not  yet  been  found.  However,  for 
these  sjrstens  it  is  believed  small,  so  that  a  reasonable  approximation  of 
thermal  capacity  should  be  obtained  by  assuming  latent  heats  to  be  a 
summation  of  individual  v.\1ue3.  On  this  basis,  the  "Cellosolve"  solution 
has  a  capacity  of  about  170,000  Dtu*  ®nd  the  "Methyl  Cellosolve"  solution 
about  l81j,000  Dtu.  Those  would  seem  to  be  ressonable  compromises  with 
care  city, 

7,  Straight  anti-freoze  treatment  would  seem  to  be  inferior  to  the 
above  suggestion,  but  some  feasibility.  No  azeotropes  are  formed  by  any 
of  the  common  glycols,  Typically,  a  3V70  mixture  of  ethylene  glycol 
and  water  will  have  a  freezing  point  of  5  above  zero,  and  an  atmospheric 
boiling  point  of  2l8  F,  The  first  material  to  be  evolved  will  be  over 
95>8  water,  so  that  a  continuous  shift  towards  a  higher  glycol  concentra¬ 
tion  will  occur.  The  boiling  temperature  at  atmospheric  pressure  remains 
below  250  F  until  the  composition  has  shifted  to  an  80/20  glycol  water 
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2,  If  the  nilnlnura  romiirec?  capacity  la  the  full  200,000  Btu,  the 
T)roblein  ia  Inaoliible,  plnco  water  has  bV  conaldorable  the  hlghoat  latent 
heat  of  vaporisation  of  any  material  founc*  which  boila  in  the  aame  range. 

Water  97'^  Btu/lb 
Aitmonla  550  Dtu/lb 
Froon  70  Btu/lb 

The  variation  la  due  to  the  high  energy  of  the  hydrogen-oxygen  bond 
together  with  the  untynically  high  boiling  point  for  auch  a  low  molecular 
weight  compound, 

3.  The  only  material?  which  moot  both  the  combustibility  and  toxicity 
requirements  and  boil  in  tho  proper  range  are  the  Freona,  Due  to  their 
large  molecular  weight,  the  latent  heat  per  pound  is  very  low.  Unless 

the  system  is  overbuilt  to  an  absurd  extent,  tho  Freons  will  not  be 
suitable.  Even  taking  into  account  their  density  of  about  l,h,  the 
capacity  of  2k  '•allons  will  furnish  an  energy  availability  of  only  about 
25,000  Btu. 

li.  If  a  small  decre-ro  in  capacity  is  remitted,  the  most  promising 
solution  seems  to  be  the  f'X-nation  of  a  constant  boiling  mixture  using 
n  non-toxic  volatile  orrn-hc  solution.  First  recommendation  would  be  the 
use  of  30  volume  %  "CeTlosolve",  a  proprietary  solvent  of  Union  Carbide 
Chemicals  Comoany,  and  70  volume  ?  water.  This  material  boils  at  99  C 
(or  210  F)  at  atmospheric  pressure.  It  is  non-toxic  to  high  concentra¬ 
tions,  Although  I  was  not  able  so  far  to  find  combustibility  infomation 
on  water  solutions,  evidence  on  ccanporable  materials,  e,  g,,  alcohol 
indicate  that  30/70  mixtures  arc  not  combustible.  No  production  of  a 
more  combustible  material  is  anticipated  at  any  time,  since  the  particular 
material  is  an  azootrone  and  boils  off  comnle+ely  at  this  composition. 
Combustibility  of  the  mixture  can  easily  bo  checked  in  tho  laboratory, 
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APFENDH  XI 


•  Conmander 

Oklahoma  City  Air  Material  krea 

Tinker  AFB 

Oklahoma 

From;  W.  J,  Ewbank 

School  of  Mechanical  Engineering 
UniToraity  of  Oklahoma 
Norman,  Oklahoma 

Subject;  Contract  AF  3li(601)-lli089 

OTJRI  Project  1381t-3 
Final  Report  Problon  63-8 

Special  Coolanta  for  Ebullition  Cooling  in  B-58  Aircraft 
Thia  nroblem  involvea  a  heat  exchanger  which  coola  bleed  air  by 
ebullition  of  water.  The  h:-.it  exchanger  ia  in  the  B-58  aircraft,  and 
la  charged  with  2h  gallons  of  water  which  must  last  during  the  flight 
with  a  satisfactory  reser%-c.  Trouble  occurs  in  cold  weather  when  the 
water  in  the  heat  exehangox-  freezes.  So  far  as  can  be  determined, 
ext»naion  of  water  during  froeaing  does  not  cause  difficulty.  However, 
when  the  engines  are  started,  1*00  F  bleed  sir  melts  ice  next  to  the  heat 
exchanger  tube  and  then  v/'oo-'izes  it  before  the  main  body  of  ice  melts. 
This  develons  sufficient  niojsuro  to  collapse  the  heat  exchanger  tubes 
and  destroy  the  exchanger. 

RESULTS  OF  INVESTIG/»TION  TC  DATE 

1,  The  exhaust  fumes  from  the  heat  exchanger  are  sufficiently 
near  the  engine  e^diaust  that  a  definite  fire  hazard  exists  with  the  use 
of  an  inflammable  solvent.  Toxic  materials  also  are  not  usable  due  to 
the  poisoning  hazard  during  ground  run-up  operations.  The  exact  Btu 
capacity  needed  in  tho  system  has  not  sret  been  obtained  from  SAAMA  or 
OD/FW,  but  it  presumably  is  something  under  200,000  Btu,  The  end 
results  should  also  cause  boiling  within  the  same  temperature  range  as 
water, 
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=!v.rsltivitle8.  Dlfltlnot  peaks  anperir  In  eaoh  wave.  On  dlsaeeembly 
tT')  find  the  outer  raceway  has  annular  ridges  which  are  too  coarao. 

The  Innor  raceway  la  aatlafactory.  Although  we  would  reject  this 
boaring  It  la  not  awfully  bad.  It  la  on  the  questionable  point  where 
rejection  aeena  boat. 
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APPENDIX  X 


"j  c. '  Comiflndor 

OC  JiA 

Tinker  AFB 
Att(*ntlon:  OCNE 

From:  Paul  A.  CushmHn 

OURI 

Norman,  Oklahoma 

Subject:  Contract  Number  3li( 601) -11:089 

OURI  Project  Number  138h-li 
OURI  Problem  Number  63-16 

Four  Now  Dopnrture  JOL020  benrincs  were  subnittod  for  inapoction. 
There  are  two  boarini-e  in  a  piece  of  aluminum  foil.  Doth  are 
distinctly  etched  ZH5182J.  These  are  perfect  bearings  by  DuMont  1:03 
Oscilloscope  tost  on  the  two  highest  sensitivities.  They  are  equal  to 
our  best  bearing  standart’f^  which  wo  use  for  comparison. 

Two  bearings  are  in  colonhano  packages  numbered  #2  and  #12.  These 
hfld  been  studied  by  the  Bearing  Branch  by  micx*oBCono  at  about  12X 
magnification.  The  etched  lottors  on  these  are  ZH5182J, 

#2  bearing  is  not  as  good  as  the  two  bearings  in  aluminum  foil. 
However  it  is  a  well  moco  bonring.  The  vertical  range  of  oscilloscope 
waves  is  slight  and  nevar  fuzry.  There  are  many  more  ripples  per  inch 
of  length  of  wave  than  on  some  of  our  best  standard  bearings.  However 
those  waves  do  not  have  sharp  points  at  the  top  and  bottan.  Wo  are 
sure  that  the  bearing  would  give  reasonably  good  life.  We  decided  to 
study  the  raceways  and  hove  found  them  to  be  satisfactory,  but  not 
equal  to  the  best  which  New  Departure  can  manufacture. 

#12  is  not  as  good  as  #2.  It  is  not  as  good  as  the  bearings 
which  we  use  as  quality  standards.  Wo  would  reject  #12.  The  vortical 
range  of  the  oscilloscope  lines  is  too  great  on  both  .00lA*l  snd  »OOl/x,S 


dcvelocment*  flftor  fnctory  Mctoglrc  nuat  bo  found.  There  la  a  deep 
Hi-rroaion  aoot  of  two  monthe  secunulatlon  on  ono  of  theae  four  inner 
rncewajra. 

It  la  Inpoeaible  to  cull  bad  bearinga  out  of  production  In  a 
factory,  beoauae  the  factory  cannot  afford  to  purchaae  and  uae  all  of 
the  aboire  eouipnent.  They  cannot  build  or  buy  aufficient  toat  nachinea 
to  adequately  aot  up  dynamic  toata.  The  proceas  or  aortinc  out  good 
and  bod  bearings  ia  a  job  for  people  intereeted  in  aircraft  bearings. 

It  ia  a  job  for  Tinker  AFD  and  other  air  force  bases,  not  a  function  of 
factories  except  to  a  minor  extent.  Only  an  air  foroo  base  can  gather 
the  necosanry  information  about  what  this  VI-22h2kQ  bearing  must 
acoomnlish. 

Factories  can  attempt  to  mnke  a  first  sorting  and  first  rejection 
of  bad  bearings,  but  the  vor’;:  must  bo  done  again  at  some  or  each  air 
force  base  imnodintoly  prior  to  the  bearing  use. 


Practically  none  of  the  ball  bcarinc  oomponlea  are  aiifflclontly 
idcnt  in  the  use  of  microacoooB  and  oyepleoo  magnifying  glaaaea  by 
wMoh  It  la  neceaaary  to  detect  ball  bearing  racefway  flawa  that  cause 
▼cry  early  bearing  wear  and  deterioration. 

The  bearing  company  renreaentativea^over  a  dozen  of  them-arho  have 
como  to  Tinker  AFD  do  not  talk  with  experience  about  raceway  flaws.  They 
do  not  uae  high  enough  magnification  to  locate  dynamic  flawa  in  bearings • 
Secondly,  none  of  these  men  are  occustemed  to  use  a  suitable  variety  of 
dynamic  teat  machines .  Only  one  of  the  benrlng  representatives  has 
ever  used  any  dynamic  test  machine.  To  explain  bearing  flaws  to  men  with 
such  backgrounds,  they  must  become  familiar  with  the  following  procedia*c, 
PROCEEORES  OF  TEST 

Without  both  the  McKiilr'ht  /inalyzor  and  DuMont  1^03  Oscilloscope  with 
Rotator  test  machine,  we  ucuid  be  unable  to  either  detect  the  presence 
of  the  flaws  of  the  VI»22!,.'48  boarings  before  desassembly  or  determine 
which  flawa  caused  the  dynamic  impacts.  The  McKnight  Anayzer  slowly 
rotates  the  outer  race.  The  inner  race  con  be  moved  by  hand  until  a 
flaw  on  the  inner  rncowny  n^kos  a  sound,  dial  record,  and  oscilloscope 
wove  all  of  unsatisfactory  magnitude.  There  is  no  mistaking  the  loaction 
this  flaw.onThis  location  is  marked  by  o  scratch.  The  DuMont  I4O3 
Oscilloscone  similnrly  locates  each  distinct  flaw  in  the  outer  raceway. 
Doth  machines  agreed  on  the  rejection  of  four  bearings. 

Both  machines  donend  unon  good  standard  beorings  for  comparison. 

The  agroemont  of  both  machines  as  to  presence  of  serious  flaws,  and 
comparison  of  flaw  mognitudes  with  the  superior  dynamic  performance  of 
good  standard  bearings  is  necessary  on  all  supnly  bearings  if  these  VI- 
22U2U8  bearings  ore  over  to  be  brought  within  reasonable  and  satisfactory 

life  performonce.  Manufacturing  flaws  must  bo  found.  Corrosion 
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Conmander 
OCAMA 
Tinker  AFD 
Attention:  OCNE 

Trmt  Paul  A.  Ouehman 

ODRI 

Norman,  Oklahoma 

Subject:  Contract  Number  3li(601)-llj089 

OURI  Project  Number  1361:0k 
OORI  Problem  Number  63-15 

Five  VI  22l:2k8  boarlnce  mede  by  Spilt  Ball  Dearlne  Company,  Lebanon,  N,  H, 
wore  aubndttod  for  Inapectlon. 

There  was  one  good  bearing  among  tho  fiver  Four  bearings  show  bad 
on  both  tho  NcKnight  Analyzer  and  DuMont  k03  Oscilloscoi^e  Rotator  tost 
machine*  These  four  bearings  would  have  a  very  early  failure  on  tho 
oscillator  service  in  which  zhoy  aro  used. 

The  four  bod  boarinES  were  disassembled.  Three  had  boon  marked  at 
ono  or  moro  spots  of  the  inner  racowoy,  there  flaws  were  indicated  by 
tho  McXnlght  Analyzer.  By  visual  inspection  at  6x  mngnificatlon  it  was 
readily  possible  to  obsorvo  that  the  marked  spots  were  a  major  cause  of 
the  dynamic  defects  shown  by  both  ball  bearing  test  machines.-  A  second 
flaw  in  several  of  those  bearings  is  the  presence  of  coarse  annular 
ridges  extending  throughout  the  circumference  and  width  of  each  outer 
racoway.  Those  two  classes  of  raceway  flaws  can  only  bo  soon  at  kX  to 
6X  magnification.  Wo  have  kX  on  microscopes  in  tho  Bonring  Branch  at 
Tinkor  AFD,  We  use  also  a  6X  magnification  eyepiece  from  a  discarded 
projector  lantern.  The  6X  magnification  is  the  better  and  simpler  to 
manipulate  of  the  two  observations.  I  recomnend  that  both  be  used  on 
every  inspection,. novor  ono  alone.  A  Jig  is  necessary  for  rotation  of 
the  inner  raeo. 
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"os  Conmnnder 

OC/J^k 
Tlnkar  AFD 
Attontiont  OCNE 

F**on«  Paul  A.  Cushman 

OORI 

Norman,  Oklahoma 

Subject!  Contract  Number  3l!(601)-lli089 

OURI  Project  Number  138li«4t 
OURI  Problem  Number  63-13 
Tinker  Project  Reference  MIP  OC  63-529$R2K 

It  la  doaired  to  Invoatigato  the  serrieoability  of  the  J79/F10U 
Toleflox  Box  Deorlng  (MIP  CC  5295R2K). 

The  bearing  la  notch  loaded,  a  full  capacity  ball  bearing  without 
a  retainer,  and  grease  sealed.  It  oacillatoa  slowly  in  service*  The 
bearing  dlraonaiona  arc  .750  boro,  1.186  M),  ,2l!7  outer  width, 

A  fitting  was  dovlac'  '.or  uso  on  the  ball  bearing  test  machine  by 
which  bearing  dynamic  flo/j  con  bo  located  with  a  DuMont  li03  Oacilliscope. 
There  were  two  unsatisfactory  bearings  among  aovon  tested.  This  is  a 
vory  conmon  ratio  of  bad  bearings  in  sunnly  lots.  It  is  not  practical 
to  tost  the  bearings  without  removal  from  the  housing  of  the  Teleflex 
Box,  because  there  is  considerable  friction  between  the  housing  and  a 
washer  tdion  any  rotation  io  attempted.  It  is  important  that  grease  or 
oil  lubricant  be  used  on  this  washer.  This  has  been  overlooked.  Tost 
of  the  idiole  asoitmbly  on  tho  bearing  test  maohino  might  also  prove 
doslrable  when  the  washer  is  lubricated. 

Tho  bearings  should  always  bo  machine  tested  with  the  DuMont  U03 
Oscilloscope  before  Installation  into  the  Teloflox  Box.  This  bearing 
toot,  together  with  the  washer  lubrication,  appear  to  bo  the  only  necessary 
changes  in  tho  naombly  of  this  unit,  and  they  should  eliminate  failures. 


It  is  undorotood  thut  «  liquid  lubricant  ia  required  for  thie 
Inbrloating  BjrBtom.  If  it  could  bo  odnptod  to  the  uao  of  lubricating 
^onee,  two  load  nupthonato  base  lubricating  groasea  are  available  in 
military  procurement  aa  KIL-L-761j5  and  MIIi-0-lJiJi70. 

It  ia  believed  that  any  of  the  obovo  apecificationa  plua  tho 
ccmmercial  product  mentioned  above  would  give  equal  or  bottwr  performance 
then  tho  Torko  lubricatinr.  oil  plua  additive  currently  recomnended  by 
North  American  Aviation,  as  well  as  being  availnblo  without  logistic 
problems. 
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CCWCIUSIONS 

As  ms  found  In  tests  by  North  American  Aviation,  it  is  expected 
that  a  base  lubricntinn  oil  of  the  Artamsas  pale  typo  fortified  with 
the  Torko  Rod-Top  additive  would  show  ndld  extreme  pressure  character- 
la  ties,  since  the  base  oil  is  known  to  possess  a  minor  amount  of  such 
flctivlty  and  both  lead  nanthonate  and  zinc  dithlophosphate  are-  known 
antl-woar  agents.  The  major  o(*ditivo  used  in  Torko  Red-Top  additive, 
i.  o.,  the  polybutone  71  Improver,  scirvos  no  useful  purpose. 

The  same  or  improved  characteristics  should  be  obtained  by  the  use 
of  Military  Specification  lubricant,  MIL-L-l81j86,  which  is  a  worm  gear 
lubricant  developed  by  Navol  Ordinance  for  use  on  heavy  duty  worms  • 
onboard  ship. 

While  no  composition  reouiremonta  are  placed  on  the  material, 
ap’^roval  la  based  both  on  an  efficiency  measurement  of  a  test  worm  gear 
set  utilizinc  the  finished  lubricant  and  on  a  wear  inspection  of  the 
worm  and  worm  wheel  after  the  efficiency  tost. 

No  straight  load  naothenate  gear  oils  have  been  found  in  the  Military 
Lubricant  Specifications,  Such  mntoriala  are  available  commercially, 
the  most  available  probably  boinn  the  Morona  scries  of  gear  lubricants 
distributed  by  Texaco  Inc,  Those  materials  are  available  in  a  variety 
of  viscosl+y  {Tades  and  the  active  agent  is  7  load  napthonate  soap. 
Another  Federal  Specification  lubricant  which  would  probably  be 
puitablo  for  thisnurposo  is  the  general  purpose  extreme  pressure  gear 
oil  bought  by  government  agencies  under  the  Federal  Specification  W-L-768, 
The  military  general  mirposo  gear  lubricant  purchased  under  MIL-L-2105B 
would  not  be  suitable  since  this  material  is  extremely  active  and  would 
probably  corrode  the  bronze  parts  of  this  lubricated  system. 


PhysloAl  and  ohemlcal  analyaos  were  performed  on  the  Torko  motor 
oil  and  on  tho  Torko  Red-Top  additive  with  the  followinc  results. 

1,  The  Torko  ;notor  oil  apnoars  to  be  a  typical  non-additive 
straight  mineral  oil  manufactured  from  South  Arkansas  crudes  and  con¬ 
taining  tho  characteristic  high  natural  sulfur  content  of  these  materials 
which  are  referred  to  in  tho  lubricating  oil  industry  as  Arkansas  pale 
oils.  Such  lubricant  stoci'.:>  snow  a  minor  amount  of  EP  activity  due  to 
tho  natural  sulfur  content. 

2.  The  Torko  Rod-Too  additive  appears  to  bo  a  mixture  of  this  base 
lubricating  oil  plus  additivoc.  A  major  additive  constituent  is  a 

VI  Improver  of  tho  oolybutono  type.  This  material  has  no  extreme 
prossiu'o  or  anti-wear  effect  but  is  normally  used  in  tho  lubricating 
oil  industry  as  a  Viscosity  Index  improver  and  as  a  means  of  increasing 
tho  viscosity  of  the  oil  r.t  low  shear  rates  so  as  to  decreaso  leakage, 

A  second  additive  is  load  nnpthonato  soap  and  einc  dithloohosphate. 
Evidence  for  tho  presence  of  these  latter  matorialr  was  found  by 
spectroscopic  analysis  which  showed  major  amounts  of  lead  and  zinc. 
E’ridence  for  tho  nolybutono  additive  was  thephysicnl  appearance  of  the 
oil  together  with  the  tor.iency  to  procipitote  a  rubbery  material  on 
heating  to  a  tomnoraturo  of  armroxlmately  1*00  F, 

Final  confirmation  of  tho  prosonce  of  these  additives  was  obtained 
by  mixing  a  samnle  of  bnso  lubricating  oil  with  additives  of  this  type 
and  running  an  infra -rod  snectrophotonoter  trace.  The  infra-red  test 
of  tho  S3mthotloally  nronored  material  was  identical  with  that  of  Torko 
Rod-Top  additive  except  for  one  very  small  absorption  band  which  is 
believed  duo  to  tho  rod  dyd  used  in  the  Torko  additive  to  color  the 
finished  motorinl. 


